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Ibe  purpose  of  this  project  Is  to  determine  the  inherent  limitations  of 
sheet  metal  forming  processes ,  to  develop  the  laaovledge  to  significantily 
advance  these  >  and  to  recooDend  the  manner  in  which  this  can  he  acconpllshed. 
Principal  areas  of  Investigation  axe  concerned  with  the  effect  that  primary 
process  variables  such  as  velocity «  teiiperature>  and  pressure  have  on  various 
classes  of  metals  and  alleys.  Ihls  report  presents  the  results  of  the  fourth 
period «  consisting  of  three  months,  idxlch  covers  the  final  soperiamntal  worh 
on  tensile  testing  and  forming  under  ccsablned  conditions  of  high  velocity, 
high  tenperature,  and  hlc^  pressure.  Results  have  been  obtained  on  a  pro¬ 
jectile  Impact  test  fixtvire,  low  explosive  closed  system,  hlc^  explosive- 
open  system,  electro -hydraulic -open  system,  and  electroeoagnetic  systan 
conventional  presses. 

Results  have  been  obtained  for  the  available  ductility  for  the  various 
materials  under  combined  conditions  of  velocity,  temperature  and  pressure. 

In  addition,  optimum  ranges  of  velocity  have  been  obtained  for  each  alloy 
and  has  been  related  to  the  high  energy  rmte  forming  systems.  This  includes 
critical  fozmtng  speeds  beyond  which  negligible  formablllty  exists  and 
Immediately  below  which  optimum  f omabllity  usually  exists . 

Generally,  the  ultra  high  speed  systems  utilizing  shock  wave  for  forming 
produce  superior  formsbillty  when  coapared  with  lower  speeg  systems  such  as 
low  explosive  and  conventional  presses.  However,  the  foonmibillty  of  some 
materials  has  been  found  to  be  unlnproved  at  these  high  velocities.  Otlv^r 
msterlsls,  such  as  the  titaniums  and  refractory  metals,  are  not  suitable  for 
forming  at  hlfidi  speeds  except  uzxler  suitable  combined  cmtidltlons  with 
temperature . 
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FOREWARD 


This  Interim  Technical  Progress  Report  covers  the  work  performed  under 
contract  AP  33(ti57) -731^  from  1  October  1962  through  31  December  1962. 

It  is  published  for  technical  Information  only  and  does  not  necessarily 
represent  the  recommendations,  conclusions,  or  approval  of  the  Air  Force. 

This  contract  is  being  conducted  by  the  Aeronautics  and  Missiles  Division 
of  the  Chance  Vought  Corporation.  It  is  entitled  "Sheet  Metal  Forming 
Technology"  and  is  being  conducted  under  William  W.  Wood,  Project  Engineer. 
Others  who  participated  in  the  research  and  in  the  preparation  of  the  reports 
are:  R.  E.  Goforth,  Senior  Manufacturing  Research  Engineer ;  J.  R.  Russell, 
R.  A.  Ford,  D.  L.  Norwood,  C.  H.  Cole  Jr.,  C.  R.  Clifton,  W.  D.  Moore,  and 
W.  A.  Beck,  all  Manufactxiring  Research  Engineers. 

This  contract  was  initiated  by  the  Fabrication  Branch,  Manufactviring 
Technology  Laboratory,  AFSC  Aeronautical  Systems  Division,  Wright -Patterson 
Air  Force  Base,  Ohio,  and  is  being  administered  under  the  direction  of 
Mr.  B.  B.  Waters  (ASRCTF) . 

This  is  the  fourth  of  a  series  of  four  interim  reports  that  will  cover  the 
progress  of  the  research  through  the  first  fifteen  months.  A  technical 
report  will  be  written  at  the  end  of  the  fifteenth  month  and  a  development 
plan  and  handbook  will  be  finished  at  the  end  of  the  nineteenth  month. 
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INTRODUCTION 


Designers  of  advanced  vehicles  of  the  hi^  velocity  aeronautic  and  aerospace 
types  are  placing  greater  demands  on  the  sheet  metal  forming  industry  by 
designing  parts  from  the  high  strength  thermal  resistant  alloys  that  were 
once  made  from  more  formable  materials.  Added  to  this  are  those  forming 
problems  associated  with  the  new  thermal  resistant  alloys  such  as  spring- 
back  and  buckling,  requiring  greater  controls  in  order  to  maintain  the 
necessary  tolerances .  A  third  type  of  current  forming  problem  is  the 
requirement  for  close  tolerances  in  both  thickness  and  contour  for  the 
more  common  materials. 

These  greater  demands  placed  on  the  sheet  metal  forming  industiy  has 
generally  resulted  in  increased  activity  in  development  of  new  forming 
systems.  This  activity  has  been  extremely  great,  with  particular  en^hasis 
placed  on  the  high  velocity  system  such  as  explosive,  electro-hydraulic, 
electrcmagnetic  and  gas  expansion.  Other  high  energy  forming  types  such  as 
high  temperature,  high  rubber  pressure,  and  vibration  forming  have  received 
less  attention.  In  addition,  the  development  of  the  more  conventional  forming 
systems  by  increasing  pressures,  addition  of  heat,  and  other  methods  of  adapta¬ 
tion  has  received  less  attention  than  the  more  sophisticated  systems.  It  is 
now  necessary  to  appraise  the  sheet  metal  forming  systems  by  a  systematic 
evaluation  of  the  fundamental  parameters  governing  formability  of  metals  and 
alloys . 

The  primary  purpose  of  this  "Sheet  Metal  Forming  Technology"  program  is  to 
determine  the  inherent  limitations  of  sheet  metal  forming  processes,  to 
develop  the  knowledge  to  significantly  adveuace  these,  and  to  recommend  the 
manner  in  which  this  can  be  accomplished.  The  approach  is  to  first  assess 
the  current  state-of-the-art  for  sheet  metal  forming  by  surveying  literature 
and  the  industry.  After  the  systems  were  determined  that  indicate  consider¬ 
able  deficiencies  as  to  formability  knowledge  of  the  process,  a  comprehensive 
experimental  program  was  Initiated  in  order  to  gain  systematic  data  that  will 
aid  in  overcoming  these  deficiencies.  These  data  involve  fundamental  effects 
of  pressure,  temperature  and  velocity,  on  a  broad  range  of  metals  and  alloys. 
From  this,  recommendations  can  be  made  as  to  the  forming  systems  which  hold 
maximum  potential  for  further  development. 

The  program  covers  the  broad  class  of  forming  types  shown  below: 

I.  Conventional  Forming 

A.  Brake  Bending 

B.  Rubber  Forming 

C.  Linear  Contouring 

D.  Plane  Contouring 

E .  Spinning 

F.  Bulging 

G.  Mechanical  Die  Drawing 

H.  Drop  Hammer 

I.  Supplemental  Forming 


II.  Advanced  Methods  of  Forming 

A.  High  Pressure  Liquid 

B.  High  Temperature 

C .  Explosive 

D.  Capacitor  Discharge 

E.  Gas  Expansion 

F .  Impact  Rubber 

G.  Vibration 

Analytical  procedures  are  being  utilized  to  determine  the  limitations  of  the 
better  known  processes  while  experimental  and  analytical  procedures  are 
being  used  to  establish  the  limitations  of  the  more  advanced  processes, 
about  which  less  is  known  from  a  formability  standpoint .  The  effect  of 
heat,  velocity,  and  pressure  is  being  investigated  singularly  and  in  combina-  . 
tlons  in  the  following  ranges : 

1.  Temperature:  Room  temperature  -  2500*^ 

2.  Velocity:  Static  -  1000  Pt/sec. 

3.  Rubber  pressure:  Zero-  100,000  psi 

.  Materials  for  the  experimental  part  of  the  program  have  been  selected  from 
a  broad  class  of  alloys  and  metals  as  shown  below: 


1. 

Aluminum  Alloy 

202U-O 

2. 

Stainless  Steel 

17-7  PH 

A-286 

USS  12  MoV 

3. 

Titanium 

6A1-4V 

13V-llCr-3Al 

k. 

Beryllium 

Pure  Beryllium 

5. 

Tool  Steel 

Vascojet  1000 

6. 

Super  Alloys 

Rene'41 

L-605 

7. 

Refractories 

Molybdenum  Ti) 

Coluabliffli  (10  Mo-10  Ti) 
Pure  Tungsten 

Previous  effort  has  been  in  two  directions:  (l)  securing  state-of-the-art 
information  frcn  industry  and  others  by  perscaaal  Interviews  eukl  a  survey 
of  literature  and  (2)  conducting  an  extensive  experimental  program  that 
will  fill  the  gap  between  needed  and  existing  infomatloo. 

Longitudinal  tensile  specimens  of  three  gnge  lengths,  1,  3,  and  10  inch 
respectively  and  three  gages,  .020,  .063,  and  0.12^  were  tested  at  tempera¬ 
tures  and  velocities  noted  above.  Free  forming  tests  were  conducted  at 
various  combinations  of  tenqperatures  and  velocities  for  2  inch  diameter  tubes 
and  2-1/2  inch  diameter  domes.  Parts  were  formed  to  various  depths  utilizing 
female  dies  at  various  combinations  of  temperature  and  velocity  with  2  inch 
tubing,  6  inch  diameter  domes,  and  6  inch  diameter  shallow  recessed  beaded 
panels . 
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Work  in  this  quarter  finalized  the  experimental  phase  of  the  program  and 
the  results  are  reported  herein.  A  Technical  Report  will  be  submitted  as  a 
suranary  of  all  prevlouis  work.  The  last  period  of  the  contract  will  be  used 
for  finalizing  a  formability  handbook  and  formulating  a  future  development 
report.  This  report  will  be  submitted  for  a  clarification  of  current  sheet 
metal  forming  processes  and  recommexidations  for  future  development  work 
needed  to  significantly  advance  sheet  metal  fozming  technology. 
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IjONGITUDINAL,  high  velocity  tensile  testimg 


Iptroductlon 


The  test  data  contained  in  this  report  is  in  the  velocity  range  from  static  to 
620  ft/sec.  and  the  temperature  range  from  cryogenic  (-320*^)  to  2000 “F. 

Using  only  5"  length  tensile  specimen,  these  combined  velocity -tenqperature 
tests  were  completed  for  seven  materials  in  the  temperature  range  from  ambient 
to  2000 for  all  velocities.  These  seven  materials  are  those  which  were  not 
previously  reported. 

Strain  distribution  curves  and  uniform  elongation  vs  forming  velocity  curves 
are  shown  in  Appendix  A,  Graphs  1  through  l4. 

Cryogenic  testing  in  the  velocity  range  from  static  to  6OO  ft/sec.  has  been 
completed.  Six  materials,  Titanium  (6Al-4V),  Titanium  (l3V-llCr-3Al) , 
Berylliian,  Molybdenum  ( .5^  Ti) ,  Columbium  (lO  Mo-10  Ti) ,  and  Tungsten  were 
not  tested  because  of  their  brittle  nature  at  cryogenic  temperatures.  Strain 
distribution  curves  and  uniform  elongation  vs  forming  velocity  for  the  tested 
materials  are  shown  in  Appendix  A,  Graphs  1^  through  28. 


Test  Procedure 

Two  machines  were  used  for  the  high  velocity  tests.  The  Projectile  Impact 
Tester  (CVC  XMS  5^1.013)  was  used  for  all  ambient  and  elevated  temperature 
high  velocity  tests  and  all  cryogenic  testing  above  150  ft/sec.  (See  Interim 
Report  II,  page  15.)  For  the  cryogenic  tests  below  I50  ft/sec.  the  Rotary 
Impact  test  machine  (CVC  XMS  ^1.014)  was  used  with  a  special  chamber  around 
the  test  specimen  for  introducing  liquid  nitrogen  as  shown  in  Figure  24  on 
page  20  of  Interim  Report  No.  III.  Cryogenic  testing  with  the  Projectile 
Impact  Tester  was  accomplished  by  inserting  the  tensile  specimens  and  their 
coupling  tup  in  a  plastic  bag  which  was  then  filled  with  liquid  nitrogen. 

The  theoretical  temperature  of  liquid  nitrogen,  -320 ‘*F,  was  verified  by 
using  a  potentiometer. 


Discussion 


The  data  in  this  section  is  derived  frran  the  elongation  vs.  position  cmrves 
obtained  by  measuring  the  grid  marks  on  the  tensile  specimens.  These  curves 
are  shown  in  Appendix  A,  Graphs  I-7  emd  15-21.  Because  of  the  large  number 
of  sx>ectmens  tested,  it  was  necessary  to  show  selected  curves  representative 
of  the  strain  distribution  found  for  the  various  velocities  and  temperatures. 
Although  the  interpretation  of  the  data  is  somewhat  arbitrary,  the  following 
rules  were  applied  consistently  throughout  the  test  series. 
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(1)  The  uniform  elongation  is  taken  as  the  average  value  of  elonga¬ 
tion  outside  the  necked  area. 

(2)  The  critical  velocity  region  is  established  by  the  following 
criteria ; 

a)  a  strain  distribution  curve  that  shows  a  reasonably  good 
reduction  in  area  at  fractuire, 

b)  the  fracture  located  at  the  impacted  end  of  the  specimen, 

c)  a  small  viniform  strain  value. 

The  critical  velocity  of  the  refractory  metals,  Columbium  (10  Mo-10  Ti)  and 
Molybdenum  ( Tl)  ,  was  difficult  to  determine  because  of  the  low  value  of 
elongation,  i^or  these  two  materials,  particular  wei^^t  was  placed  on  the 
position  of  the  fracture  rather  than  the  value  of  the  uniform  elongation. 

Due  to  the  Increased  strength  of  some  materials  at  cryogenic  temperatures, 
it  was  necessary  to  change  the  specimen  size  in  order  to  insure  a  break  in  the 
gage  section.  This  was  accomplished  by  machining  a  specimen  with  a  2.^  inch 
gage  length  and  a  .12^  inch  gage  width.  Tests  were  preformed  which  showed  a 
correlation  of  uniform  elongation  and  mBocimum  elongation  between  these 
si>eclfflens  and  the  standard  specimens. 


Restilts  and  Conclusions 

Only  those  materials  shown  in  Appendix  A,  Graphs  1  through  7  sod  1^  through  21 
are  considered  in  detail.  Graphs  8  through  l4,  and  22  through  23  show  the 
results  of  plotting  uniform  elongation  versus  forming  velocity  with  a  co8Q>08ite 
graph  of  the  various  temperatures  given  for  each  material.  In  Figure  1,  the 
uniform  static  strain  at  various  test  temperatures  is  compared  to  the  corres¬ 
ponding  dynamic  strain  values. 

Based  on  Figure  1,  (shown  on  the  next  two  pages) ,  the  following  conclusions 
can  be  drawn  concerning  uniaxial  deformation.  Considering  each  material 
separately,  it  can  be  seen  that: 

(1)  Rene'Ul  and  Coluaibium  (lO  Mo-10  Tl)  show  the  same  ductility  for 
static  and  dynamic  loading.  Rez>e'4l  shows  a  ductility  decrease 
of  approximately  2^^  from  room  teiiQterature  to  cryogenic  and  a 
steady  decrease  from  room  temperature  to  1000  **F.  Columbium 

(10  Mo -10  Tl)  decreases  in  ductility  from  room  temperature  to 
2000^.  Room  temperature  is  the  best  forming  temperature  for 
both  Rene'4l  and  Columbium  (10  Mo-10  Ti) . 

(2)  17-7  FH  shows  a  ductility  Increase  (dynamic  loading  conpared  to  static 
loading)  of  100^  at  cryogenic,  ^0^  at  room  temperatiure .  Both 
processes  show  the  same  ductility  from  500 *F  to  1000 "F.  There 

is  a  ductility  decrease  of  approximately  50^  for  both  processes 
from  room  temperature  to  cryogenic  with  steady  decrease  to  1000*^. 
Dynamic  loading  at  rocxs  temperature  is  the  best  forming  condltltxi 
for  17-7  PH. 
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FIGURE  1:  CGHBBiED  VELOCITY  TEMPERATURE  EFFECT  ON  UNIFORM 
STRAIN  FOR  LONGITUDINAL  TENSILE  SPECIMENS 
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FIGURE  1:  OOMBIKED  VELOCITY  TEMPERATURE  EFFECT  ON  UNIFORM 
(Concluded) STRAIN  FOR  LONGITUDINAL  TENSILE  SPECIMENS 


(3)  Dynamic  and  static  loading  presents  the  same  ductility  for  A-286 
except  for  a  155t  increase  of  dynamic  over  static  at  roan  tempera¬ 
ture.  A-286  shews  a  maximum  ductility  at  cryogenic  with  a  steady 
decrease  thereafter.  I^ynamlc  or  static  loading  at  cryogenic 
(-320*F)  Is  the  best  forming  condition  for  A-286# 

(4)  Tvmgsten  and  Beryllium  show  the  same  ductility  for  static  and 
dynamic  loading.  An  increase  in  temperature  does  not  increase 
the  ductility  of  Tungsten.  The  best  ductility  for  Beryllium  was 
shown  at  800T  for  static  loading.  If  it  Is  desirable  to  form 
Beryllium  by  a  high  ener^  method  >  the  temperature  of  the  metal 
should  be  raised  to  16OOT. 

Four  materials  (Vasco Jet  ICXX),  USS  12  MoV,  202i*-0  Aluminum  and  L-605)  were  tested 
at  cryogenic  temperature  during  this  period.  Elevated  tenQ>erature  testing  was 
completed  during  the  last  period  and  were  reported  in  Interim  Report  III. 

Graphs  2k,  2^,  26  and  28  in  Appendix  A  show  the  uniform  elongation  as  a  function 
of  forming  velocity.  In  each  case  the  uniform  elongation  is  lower  than  that  at 
room  and  elevated  temperatures  as  presented  in  Graphs  1,  2,  ^  and  6  in  Interim 
Report  III. 
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ELEVATED -TEMPERATURE  LOW  EXPLOSIVE 
FREE  BULGE  DCME  AND  TUBE  TESTING 


Introduction 


The  objective  of  this  phase  of  testing  is  to  extend  the  temperature  range 
of  the  previously  determined  room  temperature  data. 

All  materials  tested  are  0.020  in.  and  include: 


Danes 


(1) 

17-7  PH 

(7) 

L-605 

(2) 

A-286 

(8) 

Rene '4l 

(3) 

Vascojet  1000 

(9) 

2024-0  Altuolnum 

(4) 

USS  12  MoV 

(dO) 

Molybdenum  ( .5^  Tl) 

(5) 

Titanivun  (6A1-4V) 

(11) 

Coluniblum  (lOMo-lOTi) 

(6) 

Titanium  (l3V-llCr-3Al) 

(12) 

Tungsten 

Tubes 

(1) 

17-7  PH 

(4) 

Titanium  (6A1-4V) 

(2) 

A-286 

(5) 

Rene*4l 

(3) 

Vascojet  1000 

All  tubing  is  annealed,  welded  two-inch  I.D, 

Since  high  explosive  water  forming  is  not  readily  adaptable  to  high  tempera¬ 
ture  tests,  the  elevated  temperatxire  work  is  limited  to  low  explosive  testing. 
Several  of  the  done  materials  exhibited  a  critical  velocity  in  the  low 
explosive  range  at  elevated  temperature  as  shown  in  Graphs  29-40,  Appendix  B. 
Rocxn  temperature  data,  previously  determined,  are  also  shown.  It  should  be 
noted,  however,  that  no  critical  velocity  was  reached  in  the  tubing  tests  at 
either  room  or  elevated  temperatiire .  (See  Graphs  4l-45,  Appendix  B.) 


Test  Apparatus 

The  test  specimens  for  both  tubing  and  dome  tests  were  resistance  heated 
using  a  100  KVA  low -voltage  transformer.  All  remaining  apparatus  used  in 
room  temperature  testing  is  discussed  in  detail  in  previous  Interim  Repoirts. 
(See  Interim  Report  II  for  tubing  apparatus;  Interim  Report  III  for  dome 
apparatus.) 
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Results  and  Conclusions 


Domes 


Eleven  of  the  twelve  materials  tested  showed  a  definite  decrease  in  elonga¬ 
tion  at  a  specific  respective  critical  velocity.  Although  L-605  exhibited 
no  decrease  in  elongation,  by  comparison  with  the  test  specimens  of  other 
materials,  it  is  felt  that  a  critical  velocity  does  exist  approximately 
100  fps  above  the  highest  L-605  test  velocity.  Additional  conclusions  can 
be  based  upon  the  results  shown  in  Table  1  and  Graphs  29  through  40 
in  Appendix  B.  The  average  elongation  of  all  test  materials,  except  Titanium 
(l3V-llCr-3Al) ,  remains  constant  or  Increases  with  test  temperature.  Also 
for  the  materials  exhibiting  a  critical  velocity  in  the  elevated  temperature 
range,  there  is  a  definite  decrease  in  critical  velocity  with  increasing 
temperatuare .  The  only  exception  to  this  is  molybdenum,  as  shown  in  Graph  38» 
Appendix  B.  It  is  also  evident  that  a  range  of  increased  elongation  exists 
limnediately  below  the  critical  velocity  for  all  materials  except  aluminum  and 
refractories . 

Tubes 


Of  the  five  tubing  amterials  tested.  Titanium  (6A1-4V)  showed  an  increase  in 
elongation  with  temperature  while  17-7  PH  and  A-286  decreased  in  elongation. 

The  remaining  materials  exhibited  no  change.  (See  Table  2  and  Graphs  4l 
throu^  45  in  Appendix  B.)  Throughout  the  tubii^  tests  no  evidence  of  a  critical 
velocity  was  observed. 
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FABRICATION  OF  PARTS 


Introduction 


These  series  of  tests  are  Intended  to  study  and  compare  the  validity  of  tensile 
testing  and  free  forming  against  actual  die  forming  operations.  That  is,  vdien 
tensile  testing  and  free  forming  establishes  a  given  uniform  elongation  limit 
the  formed  part  can  be  expected  to  fall  when  this  limit  Is  exceeded.  Dies  that 
were  used  In  this  series  were  female  type  tube  bulge  dies,  dome  dies,  shallGW 
recess  dies,  and  free  forming  dome  dies.  Female  type  tube  bulge  die  tests  have 
been  completed  cmd  discussed  In  Interim  Report  No.  III.  Dome  and  shallow 
recesses  have  now  been  coaqpleted^  Elevated  temperatiire  tests,  where  applicable, 
are  Included  In  this  report. 

Five  energy  sources  are  Included  In  these  series.  They  are: 

(1)  Low  Explosive  -  Air 

(2)  High  Explosive  -  Water 

(3)  Electro-Hydraulic 
(k)  Electromagnetic 

(5)  Static  (Conventional  Presses) 

Materials  tested  Include  all  those  available  for  the  experimental  part  of  the 
program  with  the  exceptions  of  those  metals  belonging  to  the  Beryllium  and 
Refractory  classes  of  alloys. 


Test  Apparatus  and  EqulTunent 


Forming  Mediums: 

Static  •  The  punch  aztd  die  setup  shewn  below  (Figure  2  )  together  with  a 
1,CXX)  ton  press  was  used  to  form  static,  free  fora  domes. 


FIGURE  2:  STATIC  FREE 
FORM  DOME 
SETUP 


Frae  For;';  Dis 

Hold  Do’'rn  Hi:.: 

Prcfss;trc  .Pins 
p'inch 
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static  sballcnf  recessed  parts  were  formed  using  female  dies  on  a  2,^  ton 
press  equipped  with  a  trapped  rubber  head.  (Figure  3  ). 


FIGURE  3;  STATIC  SHALLOW  RECESSING  SETUP 


Low  Explosive  -  Air  >  Both  shallow  recessed  and  domed  parts  were  formsd 
using  the  low  explosive  chaaiber  and  hold-down  flxtxare  In  conjunction  with  the 
explosive  press .  These  tools  are  discussed  In  Interim  Report  No .  II . 

HIA  Explosive  -  Water  -  Both  shallow  recessed  and  dosKd  parts  were 
formed  using  the  mecessary  tool  and  high  explosive  forming  facility  shown  In 
Interim  Report  No.  II. 

-  Both  electrical  forming  methods  utilized  the  capacitor 
discharge  equipment  shown  In  Interim  Report  No.  II.  The  capacitor  has  a 
capacity  of  l8«400  Joules  (113.6  jufd  at  20  kilovolts).  Capacitance  during 
experimental  forming  varied  from  6^  .2  jufd  to  II3 .6  jufd  due  to  the  explosion 
and  subsequent  replacement  of  two  capacitors.  Electro-hydraiillc  parts  verm 
form^  utilizing  the  explosive  press  in  conjunction  with  the  standpipe  shown 
in  Figure  4 .  Electromagnetic  parts  were  formed  utilizing  the  escploslve 
press  and  a  specially  designed  magnetic  coil. 
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,.osive  Press 


Shallow 
Recess  Die 


’mmmmmm 


Water  Fill 


Electrode 


Water  Drain 
Vacuum  Line 


Table  of  Explosive  Press 


FIGURE  4:  ELBCTTRO-HYmULIC  FOBMUiG  SETUP 


Dies; 


Doaea  -  Hlgb  and  low  velocity  forming  of  domes  was  performed  in  three 
different  female  dome  dies  with  the  following  approximate  elongations. 

(See  Figure  5  ) • 

Dobm  Die  fl  -  6^ 

Dome  Die  #2-26^ 

Dome  Die  #3  -  ^7% 

Die  Cavities  were  evacuated  to  approximately  28  IxKshes  of  mercury  for 
all  tests.  Those  parts  of  the  die  contacting  the  material  to  be  formed  were 
flame  sprayed  with  alumina  prior  to  hl{^  ten^rature  testing. 

Static  forming  of  domes  was  accooqpllshed  with  a  six-inch  diameter  free 
form  dome  die  and  plunger.  Elevated  temperature  testing  was  accomplished 
by  heating  the  plunger  and  the  part  to  the  required  temperature. 
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FIGURE  5;  DEEP  RECESSING  DIE  CONFIGURATIOIS 


^lloif  Recessing  -  Parts  were  formed  In  three  diffez>ent  female  shalloir 
recessing  dies  with  the  following  approximate  elongations .  (See  Figure  6  )  . 

Shallow  Recess  Die  #1  - 

Shallow  Recess  Die  #2  - 

Shallow  Recess  Die  #3  -  30^ 


FIGURE  6:  SHALLOW  RECESSING  DIE  CONFIGURATICHIS 
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Die  cavities  were  evacuated  to  approximately  28  inches  of  mercury  for  all 
tests.  Those  parts  of  the  die  contacting  the  material  to  be  formed  were 
flame  sprayed  with  alumina  prior  to  high  temperature  testing. 


Procedures  and  Preparation  of  Tests 
Static  Velocity  Form^^^g 

Dome  shaped  lArts  were  formed  at  static  velocity  using  a  conventional  press 
setup  in  a  Lake  Erie  1,000  ton  hydraulic  press  as  shown  in  Figure  2* 

Room  tenperature  tests  determined  that  depth  to  which  the  part  could  be  recessed 
before  fract\ire  vmder  conditions  of  ideal  draw  and  complete  clamping.  For  both 
draw  and  no-^draw  tests  a  lubricant  (700  Draw  Wax)  was  used  on  the  punch.  No 
lubricant  was  used  on  the  drawing  sxirfaces  consistent  with  the  experimental 
conditions  of  the  hig^  velocity  tests.  The  recess  depth  at  fracture  was  obtain¬ 
ed  by  measuring  the  position  of  the  main  reun. 

For  the  no-draw  tests  eidequate  blank  size  and/or  hold  down  pressure  was  used  to 
prevent  drawing.  On  testa  where  the  optimum  draw  luressure  was  used  for  con¬ 
current  flange  buckling  and  fracture  of  the  part,  a  blank  diameter  was  used  no 
larger  than  that  required  to  provide  material  for  the  anticipated  amount  of 
draw. 

For  the  elevated  temperature  tests,  all  parts  were  fojrmed  under  no-draw  condi¬ 
tions,  heat  was  applied  to  the  pxmch.  Althou^  the  die  and  hold  down  ring 
were  cooler  than  the  punch,  ^ich  remained  at  the  test  tenperature  during  the 
forming  operation,  it  was  foxmd  that  a  very  slow  forming  rate  (approximately  2 
inches/minute)  was  sufficient  to  allow  the  peurt  to  come  up  to  temperature  prior 
to  contacting  the  punch.  The  siurfaces  of  the  punch,  die  and  pressvire  ring  were 
chrcmie  plated  to  prevent  changes  in  the  surface  condition  of  the  tools  during 
the  test  series.  No  lubricant  was  \ised. 

Shallow  recessed,  static  velocity  parts  were  formed  under  hicdi  pressxure  by  a 
trapped  rubber  head,  mounted  in  a  single  action  hydraulic  press.  No  Ixibrlca- 
tlon  was  used  on  either  the  rubber  to  part  interface  or  on  the  die.  Strain 
rate,  as  determined  by  the  pressvure  build  up  in  the  rubber  was  on  the  order  of 
5  In/mln.  in  the  vertical  direction.  Sufficient  blank  size  was  used  to  prevent 
drawing. 

Low  Explosive  -  Air 

!nie  afore  mentioned  series  of  dome  and  shallow  recessed  dies  mounted  on  a 
special,  mechanical  explosive  press  were  xised  to  conduct  the  low  explosive  - 
air  tests.  Siese  tests  were  performed  using  BuUseye  pistol  powder  contained 
in  a  700  grain  capacity  firing  chamber.  The  firing  chamber  was  located 
approximately  six-inches  above  the  part.  Explosive  charges  ranging  from  100 
to  700  gralius,  depending  on  material  and  gage,  were  conpressed  by  hand  into  the 
firing  chaober.  Electrical  detonation  was  achieved  by  luse  of  an  Atlas,  M-lOO 
match  assembly.  Velocities  were  approximated  to  be  in  the  IXX)  to  300  fps  range. 
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Hlffc  Explosive  -  Water 


Tests  were  conducted  using  the  afore  mentioned  series  of  dome  and  sballow 
recessed  dies,  and  facilities.  A  high  explosive  powder,  RDX,  with  a  2^  wax 
content,  compressed  to  16,000  psi  was  the  energy  force  for  all  hl^  explosive  - 
water  dome  and  shallow  recess  part  forming.  An  electrical  blasting  cap  fired 
by  a  dry  cell  battery  was  used  to  Initiate  this  energy  force.  A  series  of 
tests  Indicate  that  2D/3  (where  D  s  diameter  of  the  formed  part)  was  near  the 
optimum  stand-off  distance.  Therefore,  this  2D/3  value  for  stand-off  distance 
was  held  constant  in  all  subsequent  testing.  All  testing  In  this  series  was 
conducted  with  the  tool  submerged  approximately  ei^t-feet  under  water. 

Velocities  were  approximated  to  be  In  the  ^00  to  800  fps  range. 

Electro -Hydraulic 

Forming  was  performed  using  the  3^-inch  gap  az¥l  2-lncb  staxid-off  distance  ^Ich 
had  been  determined  by  previous  testing.  The  Initiating  wire  was  a  O.O3O 
diameter  ^336  aluminum  welding  wire .  Water  head  was  12  Inches .  Charging 
voltage  varied  from  the  absolute  minimum  of  6  kilovolts  to  the  absolute  maximum 
of  20  kilovolts.  Energy  can  be  calculated  from: 

B  s  1/2  CV2 

where  E  Is  the  energy  In  Joules 

C  Is  the  capacitance  in  farads 
V  Is  the  voltage. 

Velocities  attained  are  estimated  to  be  in  the  lower  portion  of  the  hlc^  explosive 
range. 

Elec tranagnet Ic 

All  electromagnetic  forming  was  accomplished  with  a  full  complement  of  eight 
capacitors.  The  coll  Is  made  up  of  22  turns  of  J^.AWG  copper  wire  wound  on  a 
three-inch  core,  to  six-inches  outside  coll  diameter.  Thie  coll  is  conpletely 
enclosed  In  glass-filled  epoxy,  with  a  1/16  inch  sheet  of  epoxy-glass  over  the 
coll  face. 

Initial  atteupts  to  form  electromagnetically  into  a  metal  die  were  completely 
unsuccessful  because  of  the  "magnetic  cushion"  effect  which  retxims  the 
material  to  the  coll  face  in  a  buckled  condition.  For  this  reason  the  free 
form  deep  recess  die  was  used,  and  a  #2  shallow  recessing  die  was  constructed 
of  linen  base  phonollc.  These  dies  eliminated  the  "magnetic  cushion"  effect. 

Additional  difficulty  was  encountered  with  the  materials  of  hlg^  electrical 
resistivity;  It  was  impossible  to  obtain  sufficient  force  to  deform  the 
material.  ^Is  problem  was  solved  by  the  use  of  a  sheet  of  .063  gage  202U-0 
alvnulnum  overlay  between  the  part  to  be  formed  and  the  coll.  Using  this 
procedinre  It  was  possible  to  fracture  the  stainless  steels  and  one  titanium 
alloy  and  to  slightly  fom  the  super  alloys.  The  remainder  of  the  materials 
were  exhausted  before  this  portion  of  the  program  was  reached. 


Voltages  used  varied  from  6  KV  for  aluminiim  to  12-l8  KV  for  the  balaiice  of 
the  materials . 


Discussion 


Deep  Recessing; 

Drav-Room  Temperature  -  Part  fabrication  under  draw  conditions  was 
accomplished  by  static,  low  explosive,  high  explosive,  and  electromagnetic 
means.  Parts  were  not  formed  by  electro -hydraulic  means  because  it  proved 
impossible  to  maintain  a  water  head  on  one  side  of  the  part  axid  a  vacuum  on 
the  other.  If  the  hold  down  pressure  was  increased  enough  to  hold  the  vacuum 
then  the  part  was  not  free  to  draw. 

The  best  results  were  obtained  from  the  static  foming  process  because 
of  slow  loading  and  the  ability  to  control  draw.  See  Tables  3  through  6 
Appendix  C  for  the  results  of  the  deep  recessed,  draw  testing.  Hl^  explosive 
results  approached  those  of  static  forming  except  in  the  Titanium  alloys  which 
are  sensitive  to  strain  rate.  Low  explosive  -  air  results  are  generally  lower 
than  either  static  forming  or  high  explosive  results.  This  is  partially 
due  to  a  powder  burning  of  the  part  and  excessive  hold  down  pressure  encountered 
in  the  use  of  the  explosive  press.  Figure  2^  Illustrates  the  increase  in 
fomabllity  that  may  be  gained  by  a  part  formed  under  a  draw  condition  as  opposed 
to  a  no-draw  condition.  Electromagnetic  parts  were  run  under  draw  conditions, 
because  the  coil  employed  in  these  tests  could  not  withstand  those  pressures 
necessaxy  to  pzvvent  drawing.  Coll  design  was  the  first  major  problem  encounter¬ 
ed  in  this  part  of  the  program.  A  useable  coil  for  tube  bulging  was  never 
devised;  however,  a  coil  for  3recesslng,  which  is  marginal,  evolved  slowly. 

High  fl\uc  concentrations  in  the  center  of  the  coil  and  especially  coll  dura¬ 
bility  are  still  very  pressing  problems.  The  inability  to  form  into  metallic 
dies  becaxise  of  the  "cushioning  effect"  and  the  poor  applicability  of  most 
materials  to  this  process  place  severe  limitations  on  electromagnetic  forming. 
Aluminum  was  best  suited  to  this  process  due  to  its  good  conductivity.  However, 
all  those  materials  that  were  formed  using  alximlnum  overlays  yielded  results 
that  were  as  good  as  the  other  forming  processes .  Much  work  must  be  done  if 
this  process  is  to  become  a  useful  tool  of  modem  Industry. 

No  Draw  -  Room  Temperature  -  Part  fabrication  under  no -draw  conditions  was 
accomplished  by  static,  low  explosive,  high  explosive,  and  electro -hydraxillc 
means..  Figures  7  throu£^  1^  illustrate  the  results  of  the  testing  for  this 
portion  of  the  program.  Ihe  results  also  appear  in  Tables  ^  through  12 
The  velocities  shown  for  the  different  processes  are  based  on  those  velocities 
measured  in  free  form,  dome  testing.  Ihese  velocities,  though  not  exact,  are 
reasonably  acciueite  and  close  enough  for  discussion  piuposes.  The  velocities 
shown  for  electro -hydraulic  forming  were  estimated  since  it  was  impossible  to 
measure  velocities  electrically  by  an  Eput  Timer  d\ie  to  the  extremely  hl£^ 
voltages  used  in  this  process.  The  percentage  of  elongation  attainable  in 
each  die  is  shown  by  a  dashed  line.  Those  parts, with  the  exception  of  static 
parts,  which  fall  off  one  of  the  die  elongation  lines  do  so  beca\ise  of  a 
slight  drawing  of  the  part  and  subsequent  correction  as  to  actual  elongation. 

The  ciurve  shown  in  each  figure  is  that  curve  obtained  in  the  dome  free  form¬ 
ing  portion  of  this  progreun. 
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A  graph  of  17-7  Ph  is  shovm  in  Figure  7*  This  graph  shows  a  laaxiniuni 
elongation  of  22^  in  a  velocity  range  from  0  to  6(X)  fps .  Prom  600  fps  to 
critical  velocity  the  maximum  elongation  rises  to  385^.  Thus  hi^  explosive 
parts  formed  in  the  upper  velocity  ranges  formed  in  the  number  two  die  while 
the  other  processes  failed  in  that  die. 

A  graph  of  A -286  is  shown  in  Figure  8.  This  graph  shows  a  maximum 
elongation  of  25^  at  static  velocity  dropping  to  17.5?^  at  a  velocity  range  of 
60  to  ^30  fps.  From  ^30  fps  to  critical  velocity  the  maximum  elongation 
rises  to  27^.  Once  again  the  high  explosive  part  formed  at  the  upper  velocities 
was  good,  whereas  the  other  processes  at  a  lower  velocity  yielded  a  split  pairt. 

A  graph  of  Vascojet  1000  is  shown  in  Figure  9*  graph  shows  a 

maximum  elongation  of  17 at  static  velocities,  dropping  to  from  7^  to 
^00  fps.  From  ^00  fps  to  critical  velocity  the  maximum  elongation  rises  to  20^. 

A  high  explosive  part  is  shown  to  be  a  good  part  at  21.5^.  This  part  falls  so 
near  the  forming  limit  that  it  easily  could  have  failed.  Good  and  split  part 
will  both  fan  on  the  forming  limit  cinrve. 

A  graph  of  USS  12  MoV  is  shown  in  Figure  10.  A  maximum  elongation  of 
163^  is  shown  for  velocities  of  from  static  to  6OO  fps.  From  6OO  fps  to  critical 
velocity  the  maximum  elongation  rises  to  22 .336.  Once  again  a  hlf^  explosive 
part  formed  at  the  forming  limit.  Bad  it  not  been  for  a  sliest  amount  of  draw 
this  part  would  probably  have  failed  at  263^  elongation. 

A  graph  of  Titanium  (6Al-4V)  is  shown  in  Figure  11.  A  maximum  elonga¬ 
tion  of  is  shown  for  velocities  from  0  to  25O  fps .  From  25O  fps  to  critical 
velocity  the  maximum  elongation  rises  to  103^.  The  electro -hydraulic  and  high 
explosive  parts  fail  beyond  the  critical  impact  velocity.  Both  static  forming 
a33d  low  explosive  forming  yielded  split  parts  on  the  forming  limit  curve. 

A  graph  of  Titanlvim  (l3V-llCr-3Al)  is  shown  in  Figure  12.  A  maximum 
elongation  of  103^  is  shown  frexn  a  velocity  of  static  to  12^  fps.  From  12^  fps  . 
to  the  critical  impact  velocity  the  maximum  elongation  rises  to  13.^3^.  Tte 
electro-hydraulic  and  high  explosive  parts  fall  outside  the  critical  iaqiact 
velocity  and  thus  failed.  Ibe  low  explosive  part  fell  on  the  forming  limit 
cuzve  and  yielded  a  split  peurt. 

A  graph  of  L-60^  is  shown  in  Figure  I3.  From  static  to  623  fps  the  maxiimim 
elongation  is  17* ^3^ •  From  629  fps  to  the  critical  inpact  velocity  the  maximum 
elongation  rises  to  22.^3^.  A  good,  high  explosive  part  fell  on  the  forming  limit 
curve,,  thus  indicating  that  good  and  bad  parts  will  both  fall  on  the  curve. 

Had  not  some  drawing  been  present  this  part  would  have  failed  at  2^  elongation. 

A  graph  of  Rene'4l  is  shown  in  Figure  ik,  A  maximum  elongation  of  183^  is 
shown  from  to  ^00  fps.  From  ^00  fps  to  the  critical  impact  velocity  the 
maximum  elongation  Increased  to  223^.  A  good  high  explosive  part  falls  on 
the  foiming  limit  curve. 
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A  graph  of  2024-0  Aluminum  Is  sbo^wn  In  Figure  1^.  Maximum  elongation 
frcm  static  to  critical  velocity  Is  l8.5^t.  The  static  formed  part  falls  on 
the  forming  limit  curve .  Low  and  high  explosive  formed  parts  as  well  as 
the  electro -hydraulic  part  all  formed  without  splitting  In  the  numiber  one  die. 
The  fonalng  limit  cujrve  Is  based  on  uniform  or  average  strain.  Kius  It  Is 
possible  to  obtain  a  slightly  greater  strain  than  that  shown.  Such  Is  the 
case  where  the  electro -hydraulic  and  high  explosive  processes  yielded  good 
parts  In  an  area  where  a  split  part  would  be  expected. 

No  Draw  -  Elevated  Temperature  -  Both  static  and  low  explosive  results 
closely  parallel  each  other .  ( See  Tables  8  through  10  ).  The  most  note¬ 

worthy  Increase  In  formablllty  due  to  elevated  tenmrature  occurs  In  the  two 
tltanlTim  alloys.  At  elevated  tempewiture  (l200"F)  the  tltanlxim  alloys  are 
capable  of  forming  a  good  pert  In  Ole  #1  as  opposed  to  a  split  part  at  room 
ten^rature.  This  Is  true  for  both  static  aM  low  explosive  forming.  See 
Figure  26  for  an  example  of  Increase  In  formablllty  of  titanium  at  elevated 
temperatures.  At  elevated  temperatures  the  low  explosive  process  yielded  an 
Increase  In  formablllty  of  .063  gage  17-7  Fh  and  A-286.  Also  an  Increase  In 
formablllty  for  .020  gage  L-605  and  Rene*4l.  See  Figures  1°  throu^  24 
for  a  compeurlson  to  free  forming  elevated  teiq>erature  results. 

Shallow  Becesslng! 

Room  Temperature  -  Part  fabrication  was  accomplished  by  static  forming^ 
low  explosive,  hlg^  explosive,  electro-hydraulic  ax^  electromagnetic  means. 

High  explosive  forming  yielded  the  better  results.  (See  Tables  I3  through  17 
Appendix  C) .  This  was  dxie  to  the  better  forming  limits  of  some  materials 
at  high  velocities  and  due  to  a  slight  drawing  of  the  part.  Only  one  electro¬ 
magnetic  shallow  recessed  part  was  formed  due  to  a  lack  of  power.  That  being 
2024-0  Aluminum  In  the  #2  phenolic  die.  The  pairt  failed.  See  Figure  27  for 
an  exaiiQ>le  of  parts  formed  In  Dies  #1,  2,  and  3. 

Elevated  Temperature  -  The  only  noteworthy  increase  in  sballcw  recess 
formablllty  at  elevated  temperature  occurs  in  the  titanium  alloys .  These  alloys 
at  1200^  formed  a  good  part  in  die  #1,  as  opposed  to  a  split  part  at  room 
temperature .  (See  Table  1^  Appendix  C)  . 
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FABRICATION  OF  PARTS 
SIMBOL  CHART 
FOR  FIGURES  7  THRU  2l» 


PROCESS 

RESULT 

SIMBOL 

Static  Forming 

Good  Part 

0 

Split  Part 

• 

Low  Explosive  Air 

Good  Part 

A 

Split  Part 

A 

E lectro -Hydraulic 

Good  Part 

0 

Split  Part 

• 

High  Explosive  -  Water 

Good  Fart 

□ 

Split  Part 

■ 
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FIGURE  7(b) 
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FIGURE  8 


23 


Velocity  (Ft/Sec) 
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FIGURE  11(b) 
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FIGURE  l6 

ELONGATION  LIMIT  CURVE 
SHOWING  EXPERIMENTAL  POINTS 
17 -T  PH 

(elevated  temperature  -  1000 ®F) 
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FIGURE  17 

ELORQATIOH  LIMIT  CURVE 
SHOWING  EXPERIMEIITAL  POINTS 
A-286 

(ELEVATED  TEMPERATURE  -  1000*F) 
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Average  Strain  -  Average 


PIGUKE  18 


SLONOATION  LIMIT  CURVE 
SHCMIRG  EXPERIMBKEAL  POINTS 


100  200  300  400  500  600 


Velocity  Pt/Sec . 


PIOURE  19 

£L0nATI(»r  LIMIT  CURVE 

sHOkrna  EXPERnranAL  pomis 

UBS  12  MoV 

(ELEVATED  TEMPERATURE  >  1000*^) 


Velocity  Pt/Sec. 
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Average  Strain  -  >  Average  Strain 
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FIGURE  20 

ELOSQATICW  LIMIT  CURVE 
SHCWIHG  EXPERIIffiaiTAL  FOIRTS 
TITAHIU*  (6Ai-4V) 
(ELEVATED.  TEMPERATURE  -  1200 
IK) 
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IX) 
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FIGURE  21 

ELQKMZIOI  LIMIT  CURVE 
SBOViaa  EXPERDOOrD^  TOUTS 
TITAIIUM  (13V-llCr-34l) 
(EUVAXED  TBIPERATURE  -  1200*F) 


Velocity  (Pt/Sec) 
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Average  Strain  >  >  Average  Strain 


FIGURE  22 

ELOHQATIQII  LIMIT  CURVE 
SHOWING  EXPERIMENTAL  POINTS 


L-605 
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FIGURE  23 

ELONGATION  LIMIT  CURVE 
SHOWING  EXPERIMENTAL  POINTS 
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FIGURE  2k 

ELOIR2ATIOH  LIMIT  CURVE 
SHWIIG  SXPERIMEMTAL  POUTS 
202i^-0  AUMmUf 
(EIEVATED  TEMPERATURE  >  200*^) 


Velocity  (Pt/Sec) 
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FIGURE  23.  CCMPARISON  BETWEEN  ISAM  (T)  AND  NO-DRAW  (u),  STATIC 
FOFMED  2024-0  ALUMINIM  PARIS 


% 
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FIGURE  26-  COMPARISON  BETWEEN  STATIC  FORMED  TITANIUM  (6A1-4V)  PARTS 
AT  1200 “F  (V)  AND  ROOM  TEMPERATURE  (W) 


FIGURE  27 .  EXAMPLE  OF  PART  FORMING  IN  THE  SHALLOW  RECESS  DIBS  #l(X) 
#2(Y) ,  AND  #3(Z) 


APPENDIX  A 


GRAPH  1 

LOnirUDIHAL  TEHSmS  SPECZMEIS 
SLOSaATION  VS  POSITIOH  OF  .2  I9CS  GAGE  lEHQT 
AT  VARIOUS  TEST  TEMFERATURBS  AHD  VELOCITIES 
17-7  PH  -  5"  GAGE  lEEQTH 


STATIC 


110  Ft/Sec 


ftW*aarsaiiBsiiMMt**Mga«a6ssnga88tfStj 

tSifi 


Mr  j«an  eaaaSaui«a«iaaaaaiisE*aa«Ms«BaaB  taaaaaana  I 
r^^aaiafik  taaaaailSBaagaaaaBiiaaaaaavaaBaaBi laBaBBEBaa  I 
^MaBaMBB  BaaBBaBBBBBaBBBBBSBBBaBak  ^BBBanBaaaBaaaaaB  ■ 

MMaMaBBk  'BBBBBBBBaaaaBBsaBaaBaBBBBBB  BBaaaaaaaaaaaaa  I 
li^iauBaia  -{•••BaaaBaaaBaaaaaaaaaBaaaa  laBBaaBBaa  I 

laiSSSMaiaBBaaBBBBSBaBBBBBBBaaaBBBBiaSaia' ••  •aBaaaaaaB  I 
aiiinBBBBaBBiBBaMiaBBaBBiaBaaaBBBaaaBBBaaBaaaaBBBBBB  I 
- tBBBaaBBaBBBBBiBiBBBBaaBBBaBaBaBaaaaaaaaaaaaraB  I 

«iaBKal£sg::s:iRE:::::::::uK:;:3U:::B  I 

^553Sa555g;;;a«SmiBafliiaBiy 

uSsStBBlkiEBSBSBUBiiBByir 


iMBmiaBaaBBaaBBaBaaBB  ■anaii 
laiBMfiliaaaaBaaaBaBaa  taanp 
kaaafigSgEaaBBBaaBB  BaaBBaaBaaEi 


260  Ft/Sec 


_ 

MwHSigiBBiBaawaaafiBrafiaBaESBaaBB*  I 
laBMBaBaaaaBaaBBaMaBBBMBaaaaataiiaa  I 
MUBBigaaiaBBaaBBaiMBBaBB  laaBaiiBaB  I 

rijSaiaiBBaaBaaaBaBaaaaBaai iBaaBBaait  I 
iBBaBBifBBgBiagaaaiBBaBaBat  taaBaaiaBi  I 
iBaaaBaaaBBBiaaaiBBBBgBBBBt taBaaaBaai  I 
iBMiuiBaBaBBiBaaaBBBBanBBBaBiBBaaaBB  I 
likl  ifiUBBB iBBBaEBBBiiBBBB  ■aiaiiBBBa  I 

~*  '  ~~^BaBBBBBBBBBBBBBBaa*BBBBBBBBBBBa  I 

laggiBBIBBiaiiBaSBBBBBf  (BBSiBBBBB  I 

lasuHtutHiEKBs:  ihskb:  I 


EBiBaBtaai liSiaiBBii 
BBBBfiBaiBBBisBBaai 

*■■■*■* HVBBBBBBBBBffBBSB 


£  1«) 

.2 


Position  (Typical) 


(2BAPH  1  (Continued) 


BOOM  TBIffERATUHE  -  .063  GAGE 


80  SIATIC 


10  15  20  25 

Position  (Typical) 


43 


Position  (Typical) 
44 


GRAPH  X.j[  Continued) 


2M)  Pt/See 


Si 

g 

m 

HR 

CHE 

S 

a 

a 

s 

■■ 

1 

iS.' 

ua 

s» 

i 

nan 

aaa 

«aa 

aa 

li 

0 

S 

S 

I 

S 

aa 

ana 

aaa 

ii 

ii 

1 

1 

I 

m 

itfl 

i 

1 

I 

n 

I 

SS! 

iMM 

1 

1 

iiifUi: 

iSiSR 

issaR 

llujii 

SiSB! 

naanaSaa 

aaaaaaBB 

aaaaaaaa 

aaaaaaaa 

aaaa 
Sana 
aaaa 
aaaa 
■aaa 
■  aaa 

iii: 

aaa 
aaa 
aaa 
■  aa 

::i 

aaa 

■aaaa 

aaaia 

■aaaa 

aSKS 

■aaaa 
■  aaaa 
■aaaa 

irr 

iSf 

Si 

M 

Sau 

im 

us 

S’ii 

Vmm 

f  ■« 

' 

ill 

«■ 

8: 

u 

«• 

■a 

■■ 

ns 

n: 

aaa 

aaa 

aaa 

aaa 

Sal 

ii! 

aaa 

ii: 

i!!, 

k 

aaa 

aaa 

Si 

aa 

aa 

an 

aa 

0 

aa 

ii 

H 

n 

aai 

aaa 

aaa 

Mi 

ir^ 

1 

iSS 

iSii 

MM 

aaaa 

i 

i 

ca 

TiU 

Till 

■^lir 

1 

M 

ii 

1 

ii 

i 

i 

1 

lfifii|i 

!S|HH 

iMlii 

aiaainii 

naaiaaaa 

aaaMaaa 

IfliMII 

aaaa 

■ana 

■aaa 

■aaa 

aaaa 

min 

■ana 

man 

aaa 

aaa 

aaa 

■aa 

■aa 

aSaSa 

■aaaa 

aaaaa 

aaaaa 

SKaS 

1 

^nl 

iwiiii  lU'  di 

¥1 

m 

H 

mu 

SuS 

ins 

SIS 

iSH 

iSS 

i 

u 

& 

lill 

an 

iS 

aaa 

iiS 

P 

1 

1 

i 

l 

p 

1 

1 

1 

*StSl 

ran 

iSS 

SSSA* 

IP 

im 

icssj 

aaaa 

11 

MMHi 

Mii 

ii 

111 

laaaan 

SRS 

raaaaa 

iiiii 

iHli 

•MfHK 

iiisi;: 

ESRES 

S!SR: 

aaaaaBHa 

HBaafaaa 

sR::k 

•aaa 

■aaa 

iSm 

laaa 

»u 

■aife 

aaa 

Ka 

aaa 

■aa 

aaa 

::: 

is 

■aaaa 

■aaaa 

■aaaa 

BBSS 

kk: 

1 

Hi 

1 

e 

R 

U 

B 

ii 

1 

1 

:± 

1 

i 

1 

an 

f 

p 

f- 

i 

Z'}- 

Ml 

Ii 

m 

hi:;  ■ 

1 

P 

MIf 

1 

i 

gagaanna 

uMisli 

IfiH 

ss:: 

IMIil 

Ml 

iaaaaa 

laaaai 

SS!! 

aaaaa 

aanaa 

aaaaa 

aaaaa 

aanaa. 

aaal 

anal 

SKI 

aaai 

aani 

aaaai 

aaaai 

iSSK 

!::sii: 

::es:s 

iiihlii 

i!::uR 

:s!:s:i 

:uus:i 

aaaaaaaai 

:rrs: 

•aaa 

■ana 

waa 

laaa 

lasa 

liS 

isi 

iii 

aaa 

aaa 

>!> 

aia 

■aa 

aaa 

■aaaa 
■  aaaa 
aaaaa 
aaaaa 
■■■■a 
iaaaa 

iSsi 

Fosltlon  (Typical) 


45 


ORAPE  1  (Concluded) 


Position  (Typical) 


47 


I  GRAPH  2 

LOmrUDHAL  TBISILE  SPECIMEHS 
ELQHQATlOi  YS  FOSITIOI  OF  .2  IHCH  OAOB  IMQTH 
AT  VARIOUS  TEST  TOCPERATURBS  AHD  VELOCITIES 
A-286  -  OAOE  IZHGTH 


48 


Position 

49 


GRAPH  2  (Continued) 


50 


2  (Continued) 


-li-. 


ORAFB  2  (Canbluded) 


53 


ORAFH  3 

LOSGITUDIHAL  TEI6ILE  SfECIMEBS 

ELomATiQir  VS  posmoR  OP  ^  iHCH  OAGE  imm 

AS  VARIOUS  TEST  TSfPER/aURES  AHD  VELOCITIES 
m4i  _  5»  OAGE  LBHQIH 


SEXiD 


ssxn.wm6sm.  fOgO-cm 


IMPACTED  EID 


‘.2 


■.2 


'.2 


'.2 


60 

40 

20 

0 


405  rt/Sec 


a 

R 

fS 

£839 

iti; 

m 

rtt;: 

ii’T 
-ri 
}  1 1-* 

ww 

Lii: 

if; 

jlf  ‘ 

w 

i’LO' 

t' '  * 

Irt}! 

1  ■  ; 

nr: 

s 

IStf 

“iiit 

t-Hj'iii  i 
PiirjiivT 

m 

m 

: 

in: 

-Mr 

:Tt 

; 

i 

M 

8M 

H 

i 

Tun 

it* ! 

ifti 

/  j 

!irii 

■;i 

■;i:i 

w 

[pr 

’IP 

iti 

ta:::!:-]-,' 

hiljii- 

4.p. 

! 

i-'ii 

sm 

SB 

Bin 

ra 

m 

1  i-i  t 

11  ii. 

HIT 

ij-' : 

pffi 

;dl 

k;i 

e~- 

Hit 

ii; 

jiii 

ItTi 

rr:i 

■.-.U4 

•■  u”!' 
1  lit- 

t®' 

<■  it  f  I  i'i .  t 

P 

.... 

SM 

'i:*: 

1 

ITiji 

lig 

i±i£ 

.H4 

hi 

P 

i: 

•V'l 

ilji 

•fir' 

11 

1 

!  J*. 

itit 

i£ 

liii 

p 

t;ti 

iHlr 

l-rtf 

mil 

ite 

it!  lit-' St 

ffwflTI 

t-Ut 

ini 

4W 

riii 

m 

iid 

iil 

tJ-H 

k 

QBti 

liMi 

k 

.U  1  t. 

HI 

1 

U!* 

an. 

1 1 . 

Vf:. 

>»  f  t 

ilm- 

uu.;. 

.1.4^. 

V,ii 

Ppt 

i 

1 

pp 

•  >  ! 

10  15 

Position  (Typical) 


54 


QBAPH  3  (Continued) 


BOOM  mtmimxs  -  .06^  cmg 


sDinc 


1  iMMai 
■  ■■Ml 
■■■■■1 
•■■■■I 

laaaaaaaaa 
!■■■•  ■■■«■■■■■■ 1 
!■■■! •■■■•■■■■■I 
■  ■■■•  l■■■■■■■■■l 

lS■■■■■«8■■■■8■«K3i 
■•■■■■■■■■ ■■■■■■■■■1 
!■■■■■■■■■ •■■■■■■■■1 

3|«aB 

■■■■■ 

■■■■■ 

■SSaaaaaSBBBB 
■■■■••■■■■■■a 
■■■■a ■■■••■■■ 
■■■■•••■•■■■■ 

SiS8B88SSW8888aK8»Ki 

■  ■■■■■■■■Mi  ■■■■■■■■■■  iBI 
■a ■■i■■■■E|| ■■■■■■■•■■ ail 

tBaaBBBBaBaaaaBBaaaaaBaBBaaaaaBBaaaBaaaBaaaaaaaaBBaaaaBi 

laiEiiaaiaBaiaaBBaBaaaaaBBaaaaaaaaaBBBaBaBaaaBBaBaaai  lai 
l■E■■■■a■■Mi■■■■■a■■■aa■■■Baaaa■i■■■B■■■a•■B■■a•■■■l  lai 
l■B■•Sa■■■B■i■■■B■a■■■■B•■■B■a■Ba■■■aa■■■■■B•■aa■■B■■a■l 

■■■■■■■a 

■■■■■■■a 

■■■■■■■a 

•■■■■I 

•■■■■1 

i«;;i 

SSSui 

«•■■■! 

■■■■■I 

■  ■■■1  UB«B«iBBai 
!■■■• ■■■«■ ■■■■■! 

■  ■■■1  •■■«■ ■■■■■! 
■«■■■ ■■■•■••■■■ 1 
!«■■■ 1 
l■•■l  ■«•■•••■«•< 
!■■■•  ■■■•■•■■■•1 
!■«■•  ■■■■■••«•■ 1 
IM««  •■•■•■••■•  1 
l•■■• ■••■■•■■•■1 
!■■■• ■■•■■•■■■■1 

l■■■■■■■ii|■■■■■i■•i 
t•«■■■■■■■■M■3■■■«i 
(•■•■••■•■■•■■■■•■■a 
laaaaaaBaa  ■•MaBMBl 
■■■•■■■■■a ••■■■l■■■i 
•■■•■aBaBa ■■■■«■■■■■ 
l•«•••i■fla •■■■■■■■■a 
laaaaaaaaa •■■■■■■■■a 
■■•■■■■■■B ■■■■■■■■■■ 

■■■■• 

■■■■a 

■■■■■ 

11 

■■■■■ 
••■■■ 
■  ■■M 

■■■■■•••■■■■■ 

■■■■a ■■■■■■■■ 

■■•al*««aB«aB 

■anaa«Ma«aa 

Maaaaaaaa 

■■■■••••••■a* 

■■■■•••■■■•■a 
■■■■■•■■■•■•a 
■■■aa ■■■•■••■ 
■■■ataa*M*aa 
■■■■••■•••■■a 

■■aaBaElBEaBBaiaa  aai laai 
■aaaMaiataaaaaaa  a  t  aai 
aaaaaiaaaBaaaBBa*  laaa  aai 
■■■•■BaaaaaaaaMt  aaaa  aai 
■  aaaaaiaaiaaBaM  aaaai  aai 
aaaaaiaaaiitaiBB  iaaaa  «ai 
aaaaiiaBaMiMBa  ■■■■■•  'ai 
■••■■■■■■■■aaia  aEvBli.ai 
aaaaaaaaaBBai**  BaraBaat  ii 
aaaaaaaHaaaa-  aaBaaBaa  i 

!■■■■■■■  BBaaiEaBBB ■■■■■■••■■  BaaaaBaaaBBaaaaBaaBBBMBi  lai 
laaaBaaa Maaaaaaaa aaaaaaaaaa  •aaaaaaaaa  aiaBaaaaaaaMai  lai 
•■■•■■Ba  asaaaaaaaaaaaaaaaaaaaaaaaaaaaa ■■■■■•aBBaaaaai  ■■< 
laiBBaBa  BBaaaaaaaaaaaaaaBaaa •aBaaaaaaaBaaaaaaBaaaaaaaaai 
isaaaaaB  Baaaaaaaaaaaaaaaaaaa ■aaaaaaaaa  aaaaaaBaaa ■■■■•■•( 

laaaaaaaafaaaaaaaaaBaaaaaaaa ■aaaaaaaaa ■■■■aiaaaa ■■■■!  aai 

■■■■•■■■■■■■■■■■■■••■■•■■■■■■■■•■••■■■■■■■■■■••■■■■■I  aai 

■■■■■■■a ■■■■■■■■■■ ■■■■■■■■■• ■■■■■■•■■■ ■■•■■■■•■■ ■■■■■■■! 
!■■■■■•■  ■■■■liaaaBaiBiBmaaa  ■■■■■■■■■■■•■■■■■■■■  aaaai  aai 

■■■■■■■■ 
■■■■■■■a 
■■■ ■■■■■ 
■■■■■■■a 
■■■■aaaa 
■aaaaaaa 
■•■■■■■a 

aaaaaaaa 

■■■aaaaa 

SSSSSi 

■■■■ii 

»:Ri 

■■■■1 ■■■■■Saaaai 
!■■■• •••••«•••■ 1 

«••••■•••• 1 

l■■■■  •■■•••••■•1 

!■■■■  ••■••■■•■• 1 
■  •■■i  «■•■*■<••* 

l■•ii■i■ii■M335i■■i 

!■■•■■■•■■ ■■•■■■■■■■ 
l••■■•••■•■■■N■Ma• 
!••■■ ■■••••■•■■•■■■> 
l••••aa■••*'  . ,maaa 

...aaa ■■■■■■■■■■ 
l■a••■■■■i ■■■■■«■■■■ 

■■■•■■■•■••■a 
■«■•■ •••■■•■■ 

.  ...■•aaa**a« 

4aaaaa*aM««a 

■■■■a ■■■•••■■ 

■a  aaaaBa*  .aaaMaSvBBBaKk 
■  .aaaa  ■■■Maaaaa  aai 
.. •aaaaaaiaaaaBaataaaaaai 
■a •■••aBaiaaiBBaiiaaaaaBi 
■a  aaaaaaaaaaaaaaaaBBaBBai 
■•aBaaaaaaaaBaaaBaaaaaBai 

laaa.  -*•  aBaaaaa  BaMaaaaaaaaaaaBaBaaBaaaaaaaaBaaaBaaii 

laaMe**  '<•*•■•■•■■•■■■■■■  B«Ba3aaaEaaBaBi  aii 

l|■iBi■aai■■■■•a■aBa••aa••..  .  *'-*••>•'  ■■■■■■•■■■■!  ■■■ 

iEaiaaiaBB«aaaaaiiaaaB«aaaBaaa  !•■■■■■••... .  **-  *•  ■■■ 

■•■•■■■a 

!■■■■■■■ 

■■■•■■■a 

aaaaaaai 

■  ■■Ml 

Rsni 

••••■• 

•■■«■< 

■•■■■1 

•■MBI 

IHBI  l■■•■■•  iBI 
!■■■• ■•■•■■■■■■I 
l■■•l •■••■•■■■•I 
■■■■••••••■■•■a  1 

l•••• ••••«••••• 1 

•■■■I •■••■•■■••1 
•■■■I •■■•■■••••1 

!••■•  ■•■••••■■•I 

■■■■■■■■laaBaBaMiBa 

laaBaaaaiaaaaBaBNaia 

l«■■■•■■■■■■■■■Maia 

l•a••••••a•aaa■■pa•• 

l••••■•■•• ••■■■■«■■■ 

■•••■■•■•■•■■■■■•■ia 

l•••a■■■•aa■■■■■■■■a 

i:u: 

Sjlll 

:ui: 

■■■■• 

MBaata«BB«aa 

■■■•■••Maaaa 

■■•■I •■■■■■■« 
■■•■•••■■■■■■ 

•■■aaiiBaMaBBiaaaalaaaaBi 
•■•■■■aEaBBaaBBBaaaaaaBBi 
■■aaaaaaaaiaaaaBaMiaaaaai 
■■aaaaaaaaaa ■■■■•■■■■• aai 
•a  BaaBaaBBaa  BBaBBaaaaaaai 
■a BBaaBaaBBi ■■■■■■■■■■ aai 

RRiiiSlniHiiiEiiiiiH 

laiaEaaaaaaaiaaaaaaMaBaaaaBiBBaiBBBBaaBBitaBfBaiBaai  aai 
■■■■•■•a ■■■■•■■■■•■■■■■•■■■■•■■■■■■■■■ ■■aaiaaBBaaBaf)  aai 
!••••■■• aBBaaaaaaaaaaaa ■■•■■•■■••■••■■■■••■■■■■■■■■■■ aai 
l■•■B•a•a■■•■a••■■ a aaaaaaaaa  a aaaa a aaaa  aaaaaaaaaa  aaaaaaai 
laBaaaaa  aaaaBaaaaa  aaaaaaaaaa  aaaaaaaaaa aaaaaiaaailaaai  aai 
)■■■■■•■ aaaaaaaaaa aaaaaaaaaa aaaBBaiaaaaaaaaaaaaiiaaai  aai 
iBaaBaBaaaaaaBBaaaaaaaaasaaaaaaaaBiiaaBaaaaaBaaaaaaai  aai 

aaBaaBBB 
■■••■■■a 
aaaaafaa 
aaaaaiaa 
•aa ■••■■ 
•■••aaaE 
aaaaaaaa 
■■■■■■■a 

■  ■■Ml 

■■■■■I 

•  •■Ml 
■■■■■1 

l■••• ■■■••■•■•■I 
l•«■t ■■••••■••■I 
l■••■ ■■••••■■■■I 
l•■•■  •■■•••■■■■I 
!■•■• •••••••■••  1 

l•■•■«■•i■ ■■■««■■■■■ 
l••a■■•l•• ■■■■■■■•§■ 

RSI 

Rss: 

UiiiKBiR: 

•liSHiyE:: 

■a aaaaaaaaM ■«■■■■■•■■ aa* 

H!s:ui::s!5Si::E!!3:!i 

■■aaBaaBaaaaiaaaaaaaBaaaaaaaaaaaaBaaaaaaaBBaaaaBaMaa’aai 
■■■■■■■•BaBBiaiaBa aaaaaaaaaa ■•■■■•■■■• ■aaaaaaaaEaaiai  aai 
laBaMaaaaaBBaaBaaaaiaaaaaBaaaaaiBaaaBaaaBBaaialBiEBi  aii 

■■■ aiaaa 
l••aHBl 

■•■•■•■a 

139  n/scc 


I 

■•■ST 

■  ■Ml 

ai«i 

SBsr 

■■aai 

Uw. 

'•■■■• 

■■■■■ 

■■■■a 

SERE 

aaMa 

**!i« 

•HaS 

■■■■1 
■Mai 
■■■■■ 
■aiai 
■■■■1 
■■•■1 
■  aaai 
■Mai 

iBBa 

IMB 

laaa 

iaaa 

laaa 

laaa 

!■■■ 

iBaa 

!R8 

'■•aaa 

■aaaa 

MBaa 

■aaaa 

■■■■a 

■■■■a 

■■■■■ 

••••■ 

SSSSSR 

illnU 

■■•■■■a 

■■■■■■a 

■■■■■■a 

■■■■■■a 

■••■■■a 

r 

■a 

■■ 

■a 

iUi 

■•il 
BBBi 
■  ■■1 

ESii 

laaSS 

■aaaa 
■■Baa 
iaaaa 
■  aaaa 
iaaaa 
(■■■a 

liZU 

Ra 

EES 

■  ■■ 
■  ■■ 

»: 

if 

■• 

■« 

•8 

■  •••• 

•aaia 

•■■■■ 

••■•a 

Maaa 

•aaaa 

•Baaa 

ESESS 

■a 

aa 

aa 

■a 

R 

aaa 

■aa 

■  M 

■  M 
■■■ 

RE 

aaa 

HI 

■81 

■ai 

■■■ 

■8! 

:r 

\li 

laa 

•aa 

••a 

!:: 

■■•■ 

■■■■ 

aaaa 

■■■■ 

aaaa 

■■■■ 

aaaa 

aaaa 

aaaa 

••■■ 

•  aaaai 

■  fBHI 

■  BaBai 

■  aaaai 

■  aaaai 

•  ■■■■E 

■  ■■■■E 

■  aaaai 

•  aaaai 

•  ■aaai 

•■•■ 
•  aai 
■  ail 

laai 

iiii 

laal 

laii 

laii 

laai 

laai 

laii 

lali 

tail 

laa  I 

IKaS 

iSRS 

••■■a 

raaaa 

!«■■■ 

laaar 

laaB 

laa’  f 

■aa 

ER 

■  ■■ 

■  •■ 
•aa 

■a  ■■! 
■■iai 

iiiii 

■a  ••! 
r  vaai 

•  -■■1 

•  •■! 
•  ■•• 

•  ■ai 

•  aai 
laai 
laai 
•aai 

•  BBI 

laai 

•••1 

•  ■■1 

*•9 

■ai 

■■■ 

■aa 

SR 

•■■ 

laa 

■•• 

■i  1 
■•1 
■•1 
■ai 
■■1 
■  ■1 

ii! 

•■■■■ 

l■■Ba 

!■■■■ 

••■■■ 

■■■■a 
Eaaaa 
•■■■■ 
■  ■■■• 
HaaB 
•■■■• 
■■■■• 
Saaaa 

■SaaaafB 

•■■■■■ia 

■  Maaaaa 

■•■■■■■a 

•■■•■■•a 

■■■■■■■a 

■•■■■■■a 

■•■■■•a* 

■••■■■I 
■■•■■■• 
■aaaaai 
■• ■■■■1 

■a  ■•■■• 

■••■■•• 

•■■■•■I 

■••■■■I 

•Ba 

•aa 

•■■ 

••• 

sSSI 

888! 

■aai 

•aai 

SSBI 

■aai 

••■1 

■■■■■aaaaai 
IBMI  ■■■■■! 

IBaa* ■aaaai 
!■■■•  iaaaai 
■■■■■•■■■■I 

■■■■a aaaaai 
iaaai ■■■■■ i 
!■■■• ■■■•■■ 
!S88' aSSa* 1 

SSSSa 

•  ■■•a 

SRs: 

;r:: 

sss:: 

11 

gsr 

ns 

n: 

•aa 

n 

» 

■■ 

IHli 

■■■■■ 

IBBa 

ISSS 

IBM 

■•■•a 

■■■■■ 

uebEb 

■  ■•■a 
iaaaa 

EE ESSEE 

••■iiaa 

■■■■Eaa 

{■■■■•a 

R 

[HI 

eee: 

ERSB 

iaaaa 

iSRS 

Hi 

■aa 

«■■ 

s 

SS 

SEEK 

suai 

ii 

■*9 
aai 
■  ■■ 
■aa 
aaa 

■■1 

■ai 

Bai 

■ai 

laa 

!■■ 

laa 

■aaa 
■  aaa 
■aaa 
■aaa 

a  •■•■! 
■  aaaai 

aaaaai 

iiij 

;es! 

|R| 

IS*  1 

.•1 

i‘«i 

•■■■a 

•■■■a 

■SS 

aa 
■  B 
•  ■ 

■  *! 

•  ••1 
laai 
•  aai 
laai 

laa 

■■■ 

laa 

•ia 

■■1 

■f ' 
■il 

•■■•a 

•■■a* 

•■■!■ 

•■■■a 

•■■■a 

8S888 

■■■■■ 

■■■■■ 

■•■■•••a 

•■•■■■■a 

■■•■■■■a 

taaaaaaa 

■■Baaai 

■•iaaai 

■  ■••■■I 

•a ■■■■1 

•  ■■  1 

■  ■■1 

■  ■■1 

■  aai 
•aai 

lapaa •■■■■! 

laiai •■■■•■ 
iaaai  •■■■■< 
iBaai  •■■■il 

l■■■••■■■■1 

•■■■a 

•■■■a 

■■■aa 

ini! 

•■««■ 

■■«■■ 

il 

■aaaa 

■■a 

•■■ 

•■a 

5; 

» 

■a 

aSRi 

IEEE 

!•■■ 

Maaa 
■  Baaa 
••  aa 

■■Maaa 

■■■■■ia 

■■■2a«a 

•■•aaaa 

■a 

Hi! 

if!' 

!Sk: 

issss 

■  ••■a 

SEE 

SEE 

SS 

>3 

SEER 

ssiss 

EE 

■a 

•a 

HI 

■ai 

ii! 

•■a 

•■a 

»■■ 

R88 

••6a 

8888’; 

sSSrI 

.■ai 

laai 

laai 

■aai 

IHi 

••■■a 

■  ■■H 

iaaaa 

iSmb 

iaaaa 

888 

u: 

■  ■ 
aa 

R 

■a. 

■■■ 

88! 

1*81 

Ik  1 

•Bk 

laa 

•aa 

■  a  . 

88! 

881 

■  ■■■a 
•aaaa 

-••■a 

■I  ■■ 
••••• 

■liaii 

■•■■■ 

aaaaaaaa 

■■■■•■aa 

"••■i 

■•■■•■■a 

■■•■■■■a 

•••■■■I 

Iss 

laa 

•aai 

■aai 

■aai 

■  ■■  1 

■•■■•■■■■•I 

iaaai  ■■•■•i 

l■•■l  ■■•••1 
«■■■■■ 

■  ■■■a 
•  ■■■a 
•■■■a 
•■■■■ 
•iaaa 
■■■•a 

■••■a 

MBM 

ESSEE 

EEhi 

EBEEl 

•■a 

iR 

■■■ 

■a 
■  a 

EHsI 

■  ■■■1 
■aaal 

laaa 

•  aaa 

•  ■■a 
■  ■■a 

■■aiaaa 
■■•■■■a 
■■ ■aaia 
■■■aiaa 

|l 

ill 

■•■1 

iMaa 
■  ■■■a 

■■■■a 

HI 

•  ■■ 

II 

M 

RE 

RE 

1 

III 

■aa 

Hi 

•ai 

•  aa 

iiii 

SEES 

SSaall 

■  ■•aai 

■  aaaii 

■  aaiai 

•aai 

laai 

\tl\ 

1 

iiifi 

iSEK 

818 

■■■ 

■■■ 

ii 

R! 

isi 

IRI 

SSSI 

laa 

■■■ 

|R 

111 

18R8 

•aaaa 

•■■■a 

•iaaa 

■•■■B 

■  iafa 

■  aaia 
iaaaa 

••■■■■aa 

laNaaaa 

■■■■■■■a 

■■■■•■ia 

aa aaaai 
■i iaaai 
■a  aaaai 

•  ■■ 
•  aa 

lia 

■■■  1 

■iBI 

■iBI 

iiiifiiiii: 

•■■■•  aaiaai 
•■■■aMiaai 

iSESS 

•aaia 

•aaaa 

•■■■a 

■M«a 

ESEST 

esse; 

■•■ 

MB 

■■■ 

mS 

■■ 

» 

|j|:| 

laaa 

laaa 

!■■■ 

ir: 

RSSa 

■■■•■ 
■  ■■■a 
•  •••a 

■■■•■•a 
■  ■  ■••■• 
■■•■■■a 
■••■■■a 
•■•■•aa 

•■ 

aa 

■a 

■a 

ss;: 

■■II 

■Ml 

(■■■a 

Iaaaa 

•■■■a 

iaaaa 

•■••• 

■■■ 
■  •■ 
■■a 
■■■ 

1 

EE 

S3 

SEE 

■■■ 
aaa 
■ai 
■  aa 

■ai 

■■1 

■ai 

•as 

■ai 

laa 

laa 

laa 

laa 

■  aaa 
■aaa 
■■■a 

r:s 

9*8bb> 

I aaiai 
a aaaai 
•  •aaai 

laai 
•aai 
■  aai 
laBi 
laai 

laBi 

laai 

■■■I 

laii 

iiiis 

iBMa 

■■•aa 

■■■ 

■■■ 

•a  a 

■■ 

■■ 

ii 

■§3 

•il 

■  •1 

■  ai 
■ai 

■aai 

laai 

•Ml 

laai 

laai 

•  M 
■i* 
•Ea 
•aa 

■■1 
•■• 
■>! 
■•1 
•a  1 

laaM 

l■■■• 

■■■■a 

(■■■a 

kr; 

■■■■■■■a 

•■■iBaaB 

•■■■■■■a 

■aiaaaaa 

•■■■•••i 

•a  aaMi 
■a aaaai 

■a  ••••! 

■  aa 
laa 
laa 

!R 

■aai 

M81 

■991 

:iii 

laaaaMaaBi 

HRS  SHU! 
!88:;:nsi 

iisR 

ilia 

■•■•a 
■aaaa 
■■■■a 
•aaaa 
•aaaa 
■f  aaa 
•taaa 
aiaaa 
iaaaa 
■  •aaa 

SSSEI 

SSISl 

■  ■■■• 
aiaai 

ssSl 

HE 

EES 

■  ■• 
■■■ 
•aa 
aaa 

•a 

■a 

■a 

aaaai 
■  aaai 
•  •••< 
aaaai 
•aaai 
•■■■1 
•ajai 

■  ••• 
laaa 
■  ••• 
laaa 

■  aaa 
laaa 

■  aaa 
laaa 
iBaa 

••■•a 
■  ■aaa 
■■••■ 
•  •■•a 
•■■■a 
■•■■■ 
RJR 

IWizS 

••■••a* 

■■•■■■a 

■■■■•■E 

EESSESE 

•a 

■a 

■a 

[s 

am 

■■■1 

■■■1 

iff 

■■•1 

nil 

■■■•■ 

■■■•a 

iiH: 

■■■•a 

!■■■■ 

iaaaa 

\Uk 

jsj 

••■ 

Hi 

s! 

33 

■• 
M 
■  ■ 

EE 

aa 

•a 

■a 

M 

■a 

•aa 

us 

■■■ 

■aa 

Bi 

il 

EE 

aa 

■a 

aa 

SI 

Hs 

SR 

•aa 

US 

MB 

S88 

•8! 

■ai 
■  BI 
aai 

HI 

188 

isi 

ill 

Its 

aaia 

aaia 

aaaa 

aaaa 

iiji 

Ris 

•  ■aaai 

aaaaai 
■  aaa*i 

•  aaaai 
■•aaai 

:::hi 

8;rii 

1881 

laai 
•  aai 
laai 

iiii 

isai 

laai 

•■•I 
•  ■•I 
!•■  1 
3**! 
■■■1 

Iiii 

laBaa 

laaBB 

!SiS3 

•  ■■■a 
Hiaaa 

mil 

■ai 

aaa 

SEE 

SEE 

m 

•a 

■a 

SI 

■a 
•a 
■  ■ 
■a 

811 

■ai 

Es: 

8a! 

88! 

SRI 

iisi 

isii 

iiii 

•aai 

laa 

laa 

>•• 

sis 

IR 

aa  1 

■  Il 

■  •1 
■•( 
■■1 
■■1 

Hi 

iSm* 
laEaa 
•  ■■■a 
iaaaa 
•■••a 

88888 

■  ■■■a 

■  ■■■■ 

■  ■■M 

iaaaa 

■••■9 

88888 

•■•■■■■a 

■■■■■■■a 

■■■■■■■a 

■•■■•■■a 

■•■■■■■a 

•■■■■■■a 

I8SRR3 

■••••■I 

■  ■•■■■1 

88  8***1 

888888! 

88RSS1 

»■■ 

!•■ 
laa 
■  ■■ 
laa 
•■■ 

SEE! 

BBB 

Bail 

aaai 

■aai 

■■■• 

■Ml 

888! 

•■■■■•■■■ai 
iaaai  iaaaii 
laBai  ■■■■■1 
•■■■>  ■■■■i< 
••■■k aaaaai 
la■■•■■■■■l 
!■■■• ■■■■il 
laaii  ■■■■il 

SRSIRBRI 

itii! 

iUSS 

iaaaa 

!■■■■ 

!■■■• 

SRH 

15  10  15  20  25 


Poeltlca  (^loal) 


55 


540  n/Sec 


5  10  15  20  25 

Bosltlon  (lyplcal) 


QRAPH  3  (Concluded) 
■ '1000 -  .020  QAffi 


80  SXATIC 


58 


C»APH  k 


HBIiD  END 
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GRAPH  6 
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Velocity  (rt/Sec) 
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GRAPH  10  (Continued) 
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GffiAFE  10  (Concluded) 


Velocity  (Vt/Sec) 
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Velocity  (Ft/Sec) 
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Velocity  (Pt/Seo) 
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AT  VARIOl^  TEMPERATURES 
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GRAPH  15 
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ELONGATION  VS  POSITION  OF  .2  INCH  GAGE  LENGTH 
AT  -320  AND  VARIOUS  TEST  VELOCITIES 
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QRAPH  16 

LOiOITUDISAL  TESSIIE  SFBCIMEHS 
ELONGATIQir  VS  FOSITIOII  OF  .2  INCH  GAGE  LEHQTH 
AT-320*r  AND  VARIOUS  TEST  VELOCITiES 

a-266  -  3”  gage  umm 

.020  GAGE 
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ORAPH  17 

LomrruDmL  tessilb  sfecimebs 

ELOSOATION  VS  POSITION  OF  .2  INCH  OAOE  lENQTH 
AT-320®P  AMD  VARIOUS  TEST  VELOCITIES 
VASCOJET  1000  -  5**  GAOE  LENQTB 


.020  GAGE 


GRAPH  19 

LQNarrUDIHAL  TERSILB  SFECXMEHS 
ELONGATION  VS  POSITION  OF  .2  INCH  GAGE  lENGTH 
AT  -320  •P  AND  VARIOUS  TEST  VELOCITIES 
L-603  -  5”  gage  LENGTH 
.063  GAGE 


40 

30 

20 

10 


Position  (!I^ical) 


91 


GRAPH  20 

LONGITUDINAL  TE»SII£  SPECIMENS 
ELONGATION  VS  POSITION  OF  .2  INCH  QMSi  lENQTH 
AT-3aO*F  AND  VARIOUS  TEST  VELOCITIES 
REHE'41  -  GAGE  lENQTH 


.020  GAGE 


92 


Position  (Typical) 
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Material 


17-7  PH 


A-286 


Vascojet  1000 


USS  12  MoV 


Titaniiim  (6A.1-14.V) 


Titanlvim 
(All  Beta) 


L-605 


TABLE  1 

FKEE  BULQE  DOME 
LOW  EXPLOSIVE  HIGH  TEMPERATURE 
TENSILE  TESTING  DATA 


Part  No. 

Charge -Crains 
(BullseTC 
Powder) 

* 

Velocity 

fps 

Temp. 

Avere^e 

Strain 

01101811 

60 

245 

500 

27.5 

01101812 

70 

250 

500 

27.5 

01101813 

80 

260 

500 

21.5 

OIIOI81U 

60 

245 

1000 

19.0 

01103815 

70 

250 

.1000 

28.0 

OIIDI816 

80 

260 

1000 

26.0 

02102031 

65 

256 

500 

23.0 

02102032 

70 

209 

50Q 

26.5 

02102033 

75 

240 

500 

25.5 

02l0203l^ 

65 

256 

1000 

29.0 

02102035 

70 

209 

1000 

24.0 

02102036 

75 

240 

1000 

30.5 

03101126 

75 

259 

500 

18.5 

03101127 

80 

232 

500 

14.0 

03101328 

70 

212 

500 

17.5 

03101129 

70 

212 

1000 

26.0 

03101130 

75 

232 

1000 

8.5 

03101131 

80 

260 

1000 

16.0 

04103009 

75 

283 

500 

21.0 

04103010 

70 

261 

500 

25.0 

04103011 

65 

190 

1000 

20.0 

04103012 

65 

190 

500 

18.5 

04103013 

70 

.  261 

1000 

21.0 

04103014 

75 

283 

1000 

21.0 

05102017 

65 

95 

500 

16.0 

05102018 

70 

158 

500 

13.0 

05102019 

75 

332 

500 

15.5 

05102020 

65 

95 

1200 

10.0 

05102022 

70 

158 

1200 

12.5 

05102023 

312 

1200 

19.0 

06102019 

65 

93 

500 

8.5 

06102020 

70 

124 

500 

20.0 

06162021 

75 

249 

500 

14.5 

06102022 

65 

93 

1200 

17.5 

06102023 

70 

124 

1200 

18.0 

06102024 

75 

249 

1200 

4.0 

07101019 

60 

192 

500 

27.5 

07101020 

70 

212 

500  . 

29.0 

07101021 

80 

260 

500 

24.5 

103 


TABLE  1  (Continued) 

FREE  BULGE  DCMl 
LOW  EXPLOSIVE  HIGH  TEMPERATURE 
TENSILE  TESTING  DATA 


Material 

Part  No. 

Charge -Grains 
(Bullseye 
Powder) 

* 

Velocity 

fps 

Temp 

L-605  (Continued) 

07101022 

60 

192 

1000 

07101023 

70 

212 

1000 

07101024 

80 

260 

1000 

Rene 'Ll 

08103050 

75 

222 

500 

08103051 

70 

221 

500 

08103052 

80 

261 

500 

08103053 

70 

222 

1000 

08103054 

75 

221 

2000 

08103055 

80 

261 

1000 

Molybdenum 

10101080 

85 

462 

R.T. 

( .5^  Ti) 

10101081 

75 

390 

R.T. 

10101082 

50 

272 

R.T. 

10101083 

75 

390 

600 

10101084 

85 

462 

600 

10101085 

85 

462 

300 

10101086 

75  ' 

390 

300 

Colurabiiim 

11101080 

75 

288 

R.T. 

11101081 

65 

253 

B.T. 

11101082 

85 

342 

R.T. 

11101083 

85 

342 

1400 

11101084 

85 

342 

500 

11101085 

65 

253 

500 

11101086 

65 

253 

1400 

Tvuagsten 

12105080 

60 

263 

R.T. 

12105081 

85 

407 

R.T. 

12105082 

60 

263 

800 

Aluminum  2024-0 

X1310ia09 

4o 

315 

200 

XI3IOI81O 

30 

175 

200 

XI3IOI8II 

30 

175 

380 

XI3IOI812 

4o 

294 

200 

XI3IOI813 

40 

325 

200 

♦Velocity  measured  G.050"  to  0.40”  from  dcme  surface. 


Average 

Strain-^t 


32.0 

28.0 

30.5 

21.5 

21.5 

21.5 
19.0 
25.0 
23.0 

0.25 

0.25 

0.2$ 

20.5 

21.0 

21.5 
23.0 

17.0 

11.5 

16.5 
3.0 

4.5 

IT.O 

3.0 

0 

0 

0 


1.5 

21.5 

30.5 

18.5 
0.5 
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TABLE  2 

FREE  BULGE  TUBE 
LOW  EXPLOSIVE  HIGH  TEMPERATURE 
TENSILE  TESTING  DATA 


Material 


17 -T  PH 


A -286 


Vascojet  IDOO 


Titanixim  (6A1-4v) 


Rene'^l 


Part  No. 

Charge -Grains 
(Bullseye 
Powder) 

* 

Velocity 

fps 

Temp. 

Average 

Strain 

01107004 

70 

227 

500 

25.6 

01107005 

50 

157 

500 

24.9 

01107006 

45 

140 

1000 

27.9 

01107008 

60 

180 

1000 

25.14 

01107009 

70 

227 

1000 

21.5 

01107010 

40 

130 

500 

33-3 

01107011 

75 

240 

1000 

26.8 

01107012 

6b 

182 

500 

35.0 

02102011 

45 

no 

500 

20.0 

02102012 

55 

150 

500 

19.3 

02102013 

65 

190 

500 

22.0 

02102014 

75 

225 

5OG 

19.8 

02102015 

45 

110 

1000 

21.3 

02102016 

65 

190 

1000 

19.5 

02102017 

75 

225  . 

1000 

19-7 

02102018 

55 

150 

1000 

24.6 

03102011 

50 

100 

1000 

19.5 

03102012 

57 

125 

1000 

19.4 

03102013 

62 

217 

1000 

21.3 

03102014 

68 

230 

1000 

18.0 

03102015 

50 

100 

500 

21.4 

03102016 

57 

125 

500 

18.6 

03102017 

62 

217 

500 

23.0 

03102018 

68 

230 

500 

22.9 

05102011 

80 

00 

500 

13.9 

05102012 

70 

38 

500 

8.5 

05102013 

87 

133 

500 

10.3 

05102014 

92 

220 

500 

12.0 

05102015 

00 

00 

1200 

17.5 

05102016 

87 

133 

1200 

i4.3 

05102017 

92 

220 

1200 

15.38 

05102018 

70 

38 

1200 

18.9 

08102004 

60 

130 

500 

23.56 

08102005 

73 

215 

500 

21.7 

08102006 

65 

175 

500 

24.3 

08102007 

60 

130 

1000 

24.95 

08102008 

73 

215 

1000 

25.4 

08102009 

65 

175 

1000 

23.4 

08102030 

55 

95 

1000 

17.0 

08102011 

55 

95 

500 

24.3 

♦Velocity  measxjred  0.050"  to  0.20"  from  outside  diameter  of  tube. 
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probable  eurre  in  region  of  no  tests 
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Velocity  (Ft/Sec) 


▼•loclty  (rt/Sttc) 
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Ycloelt/  (Ft/See) 


?«looltgr  (Ft/See) 


Velocity  (7t/Sec) 
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Velocity  (rt/Sec) 


Velocity  (Ft/Sec) 


Velocity  (Ft/See) 


OBAra  39 
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Velocity  (rt/Sec) 


Uniform  Strain 


(SAFH  hi 

EXPLOSIVE  TREE  BULCS!  TUBE 
AVERAGE  STRAIN  VS  VELOCITY 
REIiE'4l 


Velocity  (Pt/Sec) 


Legend: 


9  -  Boon  tenqperature  -  static  test 
#  -  Room  teoperature  -  low  explosive 
O  -  Room  te^perature  -  explosive 
A  -  Intermediate  test  teiiperature  -  low  e:q>loslve 
■  -  Highest  test  temperature  -  low  explosive 
-  Probahle  cvurve  in  region  of  no  tests 
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Ibilform  Strain  -  >  Ualfarm  Strain 


GRAPH  42 

EXPLOSIVE  FREE  BULGO;  TUBE 
AVERACS  STRAIN  VS  VELOCiTT 
17-7  PH 


(»APH  43 

EXPLOSIVE  FREE  BULGE  TUBE 
AVERAGE  STRAIN  VS  VELOCITY 
A-286 
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lAaiform  Strain  -  f  Uniform  Strain 


ORAPH  4i» 

EXPLOSIVE  FBEB  BULK  TUBE 
AVERAta  STRAIH  VS  VELOCITY 
VASCOJET  1000 


ORAPH  4$ 

EXPLOSIVE  FREE  BULOS  TUB 
AVERAGE  STRAIH  VS  VELOCITY 
TITAXIIM  (6A1-4V) 


Velocity  (Pt/Sac) 
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APPENDIX  C 
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table:  3 

DEIEP  RECESSING  -  DRAW 
STATIC  FORMING 
(ROOM  TEMPERATURE) 


Material 

Part 

Nuzdber 

Gage 

Approximate 
Depth  at 
Fracture 
(inches) 

Do-D 

Do 

t-  ^ 

Remarks 

17 -T  PH 

S01203-001 

.063 

3.00 

.200 

37.0 

A-286 

S02101-004 

.020 

3.00 

.200 

37-0 

1 

S02201-001 

.063 

3.00 

.150 

42.0 

Vascojet  1000 

SO32OI-OOI 

.063 

3.00 

.175 

39.5 

(A) 

USS  12  MoV 

S04201-001 

.063 

3.00 

.175 

39.5 

(A) 

Ti(6Al-lfV) 

SO5202-OOI 

.063 

1.25 

.031 

9.67 

(B) 

Ti(l3V-llCr-3Al) 

S06202-004 

.063 

1.60 

.063 

16.5 

(B) 

L-605 

S07101-004 

.020 

3.00 

.163 

40.7 

(A)  (B) 

1 

S07202-OOI 

.063 

3.00 

.163 

40.7 

(A) 

Rene' If  1 

SO8IOI-OO4 

.020 

3.00 

.175 

39.5 

(A)  (K) 

1 

SO8203-OOI 

.063 

3.00 

.155 

41.5 

(A) 

2024-0  Alumlnvim 

SI32OI-OO4 

.063 

3.00 

.200 

37.0 

(A) 

TAB1£  If 

SEEP  RECESSING  -  1»AN 
LOU  EXPLOSIVE  AIR 
(ROOM  TEMPERATURE) 


Material 

Part 

RuDiber 

Gage 

Die 

Nuniber 

Do-D 

Do 

Results 

17-7  PH 

LBOllOl-003 

.020 

2 

350 

.040 

22.0 

Good 

I£01101-004 

.020 

3 

350 

.076 

49.4 

Split 

IEOI2OI-OO3 

.063 

2 

500 

.040 

22.0 

Good 

1JB01201-004 

.063 

3 

600 

.105 

46.5 

(D) 

A- 

286 

m)2101-003 

.020 

2 

350 

.042 

21.8 

Good 

I£02101-004 

.020 

3 

350 

.062 

50.8 

Split 

LEX)2201-003 

.063 

2 

500 

.038 

22.2 

Good 

IE02201-004 

.063 

3 

700 

.105 

46.5 

Split 

Vascojet  1000 

IJBO3IDI-OO3 

.020 

2 

350 

.001 

25.9 

t 

I£03201-003 

.063 

2 

500 

.045 

21.5 

USS  12  MoV 

I£04l01-003 

.020 

2 

250 

.000 

26.0 

t 

IE04201-003 

.063 

2 

500 

.050 

21.0 

Ti(6Al-4V) 

LBO5IOI-OO2 

.020 

1 

225 

.000 

6.0 

t 

IBO52OI-OO2 

.063 

1 

225 

.000 

6.0 

Sp] 

Lit 

Tl(l3V-llCr-3Al) 

LB06201-002 

.063 

1 

225 

.000 

6.0 

Good 

1 

I£06201-003 

.063 

2 

225 

.000 

26.0 

Split 

L-605 

IE071i01-003 

.020 

2 

250 

.051 

20.9 

Good 

IE07L01-004 

.020 

3 

400 

.105 

46.5 

Split 

IEO72OI-OO3 

.063 

2 

550 

.047 

21.3 

Good 

IBO72OI-OO4 

.063 

3 

650 

.132 

43.8 

(D) 

Rene'4l 

IB08101-<X)3 

.020 

2 

350 

.027 

23.3 

Good 

LB08l01-<X)4 

.020 

3 

350 

Split 

IE08201-003 

.063 

2 

500 

.048 

21.2 

Good 

IE08201-004 

.063 

3 

650 

.060 

51.0 

1 

(D) 
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table;  4  (Continued) 
DEEP  REGESSIBG  -  DRAW 
LOW  EXPLOSIVE  AIR 
(ROOM  TEMPERATURE) 


Material 

Part 

Numiber 

Gage 

Die 

Ifumber 

Charge^ 

Results 

202 

If-O  Aluminum 

LEI3101-OO3 

.020 

1 

22$ 

.024 

3.6 

Good 

LEI3IOI-OO4 

.020 

2 

350 

.021 

23.9 

Split 

IEI3201-OO3 

.063 

1 

22$ 

Good 

LEI3201-OO4 

.063 

2 

350 

Split 

TABIE  ^ 

DEEP  RECESSIIO  -  DRAW 
HIOH  EXPLOSIVE  ^  WATER 
(ROCM  TatPERATURB) 


Material 

Part 

Number 

Gage 

Die 

Number 

Charge^®^ 

Do-D 

Do 

T 

^Hesult^ 

17-7  PH 

HE01102-001 

.020 

2 

•0$3 

20.7 

Good 

HE01102-002 

.020 

3 

7t 

.090 

48.0 

Split 

HEOI2O3-OOI 

.063 

2 

10 

.043 

21.7 

Good 

0001203-002 

.063 

3 

20 

.111 

4$  .9 

Good 

A-286 

HB02102-001 

.020 

2 

5 

.0$3 

20.7 

Good 

HB02102-002 

.020 

3 

10 

.030 

$4.0 

Good 

HB02202-001 

.063 

2 

10 

.04$ 

21.$ 

Good 

HB02202-002 

.063 

3 

25 

.136 

43.4 

Good 

Vaacojet  1000 

HBO3IDI-OOI 

'  .020 

2 

5 

.o$o 

21.0 

Good 

HBO3IOI-OO2 

.020 

3 

.101 

46.9 

Split 

HB03201-001 

.063 

2 

10 

.042 

21.8 

Good 

HBO32OI-OO2 

.063 

3 

27i 

42.$ 

Good 

USS 

12  MoV 

HB04102-001 

.020 

2 

5 

.0$1 

20.9 

Good 

HB04102-002 

.020 

3 

12^ 

.119 

^♦5.1 

Split 

HE04202-001 

.063 

2 

10 

.037 

22.3 

Good 

HB04202-002 

.063 

3 

2$ 

.02$ 

54.$ 

Good 

T1(6A1-4V) 

HEO$102-001 

.020 

2 

5, 

.000 

26.0 

Sp] 

Lit 

I1BO$102-002 

.020 

1 

2i 

.024 

3.6 

HEO$201-001 

.063 

2 

10 

.000 

26.0 

HEO$201-002 

.063 

1 

5 

.0$7 

0.3 

Ti(l3V-llCr-3Al) 

HBO6IO2-OOI 

.020 

2 

5 

.000 

26.0 

HBO6IO2-OO2 

.020 

1 

2^ 

.030 

3.0 

HBO62OI-OOI 

.063 

2 

10 

.000 

26.0 

HBO62OI-OO2 

.063 

1 

5 

.023 

3.7 

Sp] 

Lit  . 

L-60$ 

HBO7IOI-OOI 

.020 

2 

5 

.0$0 

21.0 

Good 

HEO7IOI-OO2 

.020 

3 

10 

.094 

47.6 

HBO72OI-OOI 

.063 

2 

10 

.041 

21.9 

HBO72OI-OO2 

.063 

3 

30 

.131 

43.9 

Rene'4l 

HBO8IO3-OOI 

.020 

2 

5 

.048 

21.2 

HBO8IO3-OO2 

.020 

3 

10 

.11$ 

4$.$ 

HBO82O3-OOI 

.063 

2 

10 

HEO82O3-OO2 

.063 

3 

27i 

.12$ 

44.$ 

Good 

TABLE  ^  (Contlnxied) 
DEEP  RECESSINQ  -  DRAW 
HIGH  EXPLOSIVE  -  WATER 
(ROOM  TEMPERATURE)  . 


Material 

Part 

Number 

Gage 

Die 

Number 

Charge 

Do-D 

Do 

Results 

2024-0  Aluminvun 

HE13102-001 

.020 

2 

24 

.044 

21.6 

Good 

HE13102-002 

.020 

3 

74 

.103 

46.7 

Split 

HEI32OI-OOI 

.063 

2 

7f 

.042 

21.8 

Good 

HEI32OI-OO2 

.063 

3 

20 

.110 

46.0 

Split 

TABLE  6 

DEEP  RECESSING  -  DRAW 
ELECTROMAGNETIC 
(ROOM  TEMPERATURE) 


Material 

Part 

Nvimber 

Gage 

Energy 

Kilo- 

Joules 

Measvired 
Elong.  in 

6  Inches 

a 

Results 

A286 

IM02101-001 

.0(20 

18.4 

8  1/16 

34.4 

Crack 

USS  12  MoV 

EM04101-001 

.020 

18.4 

7  3/4 

29.2 

Crack 

Ti(6Al-4V) 

EMO5IOI-OOI 

.020 

18.4 

7  , 

16.7 

Crack 

L-605 

EMD7IOI-OOI 

.020 

18.4 

7  5/16 

21.9 

Good 

2024-0  Alviminum 

EMI32OI-OOI 

.063 

12.8 

8  1/8 

35*4 

Crack 

TABLE  7 

DEEP  RECESSING  -  NO  DRAW 
STATIC  FORMING 
(ROC»t  TEMPERATURE) 


Material 

Part 

Number 

Gage 

Approximate 

Depth  at  Fracture 
(Inches) 

Drav 

i 

17-7  PH 

SOllOl-003 

.020 

1.95 

0 

23.9 

A-286 

SO21OI-OO3 

.020 

1.95 

0 

23.9 

Vascojet  1000 

SO3II3-OO3 

.020 

1.50 

0 

14.4 

USS  12  MoV 

S04101-003 

.020 

1.95 

0 

23.9 

Ti(6Al-4V) 

SO5IOI-OO2 

.020 

0.90 

0 

5.2 

Ti(l3V-llCr-3Al) 

.  SO6202-OO3 

.063 

1.40 

0 

12.3 

L-605 

SO7IDI-OO3 

.020 

1.85 

0 

22.2 

Rene'4l 

SO8IOI-OO3 

.020 

1.95 

0 

23.9 

2024-0  Aluminum 

SI32OI-OO3 

.063 

1.65 

0 

17.7 
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TABLE  8 

DEEP  BECESSHiG  -  NO  DRAW 
STATIC  FOBMING 

(eievaxed  temperature) 


Part 

Approx .Depth 

Drav 

T 

Temp 

Material 

Number 

Gage 

at  Fracture 

•f 

(Inches) 

17-7  PH 

SOllOl-004 

.020 

■m 

0 

1000 

SOllOl-005 

.020 

400 

S01201-005 

.063 

650 

A-2< 

36 

S02101-005 

.020 

1000 

1 

S02101-006 

.020 

12.3 

600 

Vas< 

■jojet  1000 

803101-004 

.020 

1.50 

14.4 

1000 

SO32OI-OO2 

.063 

1.50 

14.4 

1100 

SO32OI-OO3 

.063 

0.90 

5.2 

650 

USS 

12  MoV 

SO32OI-OO4 

S04l0i-004 

.063 

.020 

0.95 

0.90 

5«7 

5.2 

400 

400 

304101-003 

.020 

1-35 

11.2 

1000 

S04201-002 

.063 

1.20 

8.9 

400 

S04201-003 

.063 

1.25 

9.7 

600 

S04201-004 

.063 

1.95 

23.9 

1100 

Ti(6Al-4V) 

SO5IOI-OO3 

.020 

1.75 

19.8 

1200 

305201-002 

.063 

1.80 

21.0 

1200 

SO52OI-OO3 

.063 

0.90 

5.2 

400 

Ti(l3V-llCr-3Al) 

SO6IOI-OOI 

.020 

1-75 

19.8 

1200 

t 

SO62OI-OO5 

.063 

1.30 

10.8 

400 

L-605 

SO72OI-OO2 

.063 

1.90 

23.5 

1000 

♦ 

SO72OI-OO3 

.063 

1.95 

23.9 

750 

Rene  '4l 

SO8IOI-OO5 

.020 

1.95 

23.9 

500 

♦ 

SO8IOI-OO6 

.020 

1.75 

19.8 

1000 

2024 >0  Almlnum 

SI32OI-OO5 

.063 

1.40 

12.3 

200 

1 

SI32OI-OO6 

.063 

1.75 

19.8 

400 

SI32OI-OO7 

.063 

1.75 

19.8 

500 

SI32OI-OO8 

.063 

1.20 

8.9 

300 

1 

SI32OI-OO9 

.063 

1.20 

_  0  J 

8.9 

200 

TABIE  9 

DEEP  RECESSING  -  HO  DRAW 
LOW  EXPLOSIVE  AIR 
(BOOH  Ta<FERATURE) 


Material 

Part 

Huniber 

Gage 

Die 

No. 

Charge^^^ 

Drav 

^  T 

Results 

17-7  PH 

LBonoi-ooi 

.020 

1 

225 

6.0 

Good 

IEOllOl-002 

.020 

2 

300 

■ 

■ 

26.0 

Split 

LE101201-001 

.063 

1 

300 

■ 

■ 

6.0 

Good 

1E01201-002 

.063 

2 

400 

■ 

0 

26.0 

Split 

A-286 

IE02101-001 

.020 

225 

■ 

6.0 

Good 

1E02101-002 

.020 

300 

■ 

26.0 

Split 

LB02201-001 

.063 

300 

■ 

6.0 

Good 

IE02201-002 

.063 

2 

400 

■ 

26.0 

Split 

Vascojet  1000 

LBO3IOI-OOI 

.020 

1 

225 

6.0 

Good 

\ 

LBO3IOI-OO2 

.020 

2 

250 

■ 

■ 

26.0 

Split 

TABLE  9  (Continued) 
DEEP  RECESSING  -  NO  DRAM 
LOW  EXPLOSIVE  AIR 
(RO(»<  TEMPERATURE) 


Material 

Part 

Number 

Gage 

Die 

No. 

Charge 

Draw 

Results 

Vascojet  1000 

LBO32OI-OOI 

.063 

1 

250 

0 

6.0 

Good 

\ 

LBO32OI-OO2 

.063 

2 

250 

26.0 

Split 

USE 

12  MoV 

IE04101-001 

.020 

1 

225 

6.0 

Good 

LB04101-002 

.020 

2 

225 

26.0 

Split 

LB04201-001 

.063 

1 

250 

6.0 

Good 

LB04201-002 

.063 

2 

250 

26.0 

Split 

T1(6A1-UV) 

LB051X)1-001 

.020 

1 

225 

6.0 

Split 

t 

LBO52OI-OOI 

.063 

1 

225 

6.0 

Split 

Ti(l3V-llCr-3Al) 

IEO6IOI-OOI 

.020 

1 

225 

6.0 

Split 

J 

1£06201-001 

.063 

1 

225 

6.0 

Split 

L-e 

!o5 

LBO7IOI-OOI 

.020 

1 

225 

6.0 

Good 

LE»71C)l-002 

.020 

2 

250 

26.0 

Split 

LBO72OI-OOI 

.063 

1 

300 

6.0 

Good 

LBO72OI-OO2 

.063 

2 

400 

26.0 

Split 

Rene'4l 

I£08101-001 

.020 

1 

225 

6.0 

Good 

LEOdl01-OO2 

.020 

2 

250 

26.0 

Split 

IZ08201-001 

.063 

1 

300 

6.0 

Good 

IE08201-002 

.063 

2 

400 

26.0 

Split 

2024-0  Aluminum 

LEI3IOI-OOI 

.020 

1 

100 

6.0 

Good 

IEI3IJOI-OO2 

.020 

2 

225 

26.0 

Split 

IE13201-001 

.063 

1 

200 

6.0 

Good 

I£13201-002 

.063 

2 

250 

26.0 

Split 

TABLE  10 

DEEP  RECESSING  -  NO  DRAM 
LCW  EXPLOSIVE  AIR 
(elevated  TBffERATURE) 


Material 

Part 

No. 

Gage 

Die 

No. 

Charge^^^ 

Draw 

Temp. 

•f 

Resvilts 

17-7  Ph 

LE»11D1-005 

.020 

2 

200 

0 

26.0 

1000 

Split 

I£01201-00^ 

.063 

2 

400 

26.0 

Good 

UOI2OI-OO6 

.063 

3 

500 

57.0 

Split 

A-286 

I£02101-00^ 

.020 

2 

200 

26.0 

Split 

I£02201-00^ 

.063 

2 

400 

26.0 

Good 

I£02201-006 

.063 

3 

500 

57.0 

Split 

Vascojet  1000 

I«)3101-004 

.020 

2 

200 

26.0 

Split 

t 

I£03201-004 

.063 

2 

400 

26.0 

Split 

USS  12  MoV 

1JB04101-004 

.020 

2 

200 

26.0 

Split 

t 

LB04201-004 

.063 

2 

400 

26.0 

10 

00 

Split 

Ti(6Al-4V) 

I£0$101-003 

.020 

1 

200 

6.0 

1200 

Good 

LBO^lOl-004 

.020 

2 

200 

26.0 

Split 

IE05201-003 

.063 

1 

400 

6.0 

Good 

IBO^l-004 

.063 

2 

400 

26.0 

Split 
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TABLE  10  (Continued) 
DEEP  RECESSING  -  NO  DRAW 
(low  explosive  air) 

ELEVATED  TEMPERATURE 


Material 

Part 

No. 

Gage 

Die 

No. 

Charge^®) 

Drav 

T6np. 

•f 

Results 

Tl(l3V-llCr-3Al) 

LE06201-004 

.063 

1 

200 

n 

6.0 

1200 

Good 

1 

I£06201-00^ 

.063 

2 

300 

■ 

■ 

26.0 

1200 

Split 

L-605 

IE07101-005 

.020 

2 

200 

■ 

■ 

26.0 

500 

Good 

1 

11107101-006 

.020 

3 

300 

■ 

■ 

6.0 

Split 

1 

LEO72OI-OO5 

.063 

2 

400 

■ 

26.0 

Split 

Rene'4l 

IiJ08lJ01-005 

.020 

2 

200 

■ 

■ 

26.0 

Good 

1 

I£0dl01.006 

.020 

3 

300 

■ 

■ 

57.0 

Split 

I 

IEO82OI-OO3 

.063 

2 

400 

■ 

■ 

26.0 

500 

Split 

2024-0  Aluminum 

LE13101-00$ 

.020 

2 

100 

■ 

■ 

26.0 

200 

Split 

t 

I£13201^^ 

.063 

2 

200 

26.0 

200 

Split 

ZABI£  11 

DEEP  RECESSniG  -  MO  DRAW 
HIGH  EXPLOSIVE  -  WATER 
(ROOM  TEMPERATURE) 


Material 

Part 

Mo. 

Gage 

Die 

Mo. 

Charge 

Do-D 

Do 

^T 

Results 

Remarks 

17-7  Ph 

HBOIIO2-OO3 

.020 

2 

.025 

23.5 

Good 

HB01102-004 

.020 

3 

15 

.001 

56.9 

Split 

HBOI2O3-OO3 

.063 

2 

15 

.025 

23.5 

Good 

HEOI203-OO4 

.063 

3 

20 

.113 

45.7 

♦ 

(F) 

A- 

266 

HEO2IO2-OO3 

.020 

2 

.014 

24.6 

Good 

HE02102-004 

.020 

3 

15 

.113 

45.7 

Split 

HBO2202-OO3 

.063 

2 

15, 

.023 

23.7 

Good 

Vascojet  1000 

HBO3IOI-OO3 

.020 

2 

7i 

.046 

21.4 

Good 

HBO3IOI-OO4 

.020 

3 

10 

.090 

48.0 

Split 

Hk)3201-003 

.063 

2 

15, 

.040 

22.0 

Good 

USS  12  MoV 

HB04102-003 

.020 

2 

7i 

.053 

20.7 

Good 

HB04102-004 

.020 

3 

15 

.128 

44.2 

Split 

HB04201-003 

.063 

2 

15 

.041 

21.9 

Good 

Ti(6Al-4V) 

HBO5IO2-OO3 

.020 

2 

5, 

.000 

26.0 

Split 

HEO5IO2-OO4 

.020 

1 

2| 

6.0 

Split 

HBO52OI-OO3 

.063 

2 

15 

26.0 

Split 

HBO52OI-OO4 

.063 

1 

5 

6.0 

Split 

Ti(l3V-llCr-3Al) 

HBO6IO2-OO3 

.020 

2 

5 

26.0 

Split 

HEO6IO2-OO4 

.020 

1 

5 

6.0 

Split 

HBO62OI-OO3 

.063 

2 

15 

26.0 

Split 

HEO62OI-OO4 

.063 

1 

5, 

.0( 

6.0 

Split 

L-605 

HEO7IOI-OO3 

.020 

2 

Ih 

.031 

22.9 

Good 

HBO7IOI-OO4 

.020 

3 

15 

.054 

51.6 

Split 

U 

HBO72OI-OO3 

.063 

2 

15 

.028 

23.2 

Good 
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TABLE  11  (Continued) 
DEEP  BECESSING  -  NO  DRAW 
HIGH  EXPLOSIVE  -  WATER 
(ROOM  TEMPERATURE) 


Material 

Part 

No. 

Ga^ 

Die 

No. 

_  (E) 

Charge'  ‘ 

Do-D 

Do 

^  iji 

Results 

Remarks 

Rene*4l 

HEO81O3-OO3 

.020 

2 

5 

.036 

22.4 

Good 

1 

HEO81O3-OO4 

.020 

3 

15 

.077 

1^9-3 

Split 

1 

HEO8203-OO3 

.063 

2 

15 

.041 

21.9 

Good 

2024-0  Aliuninuffi 

HEI3IOI-OO3 

.020 

1 

4 

.000 

6.0 

Good 

1 

HB13K)l-004 

.020 

2 

5 

.006 

25.4 

Split 

1 

HEI32OI-OO3 

.063 

3 

10 

.027 

5^^.3 

Split 

TABLE  12 

DEEP  RECESSING  -  NO  DRAW 
EIECTRO-HYEBAULIC 
(ROOM  TEMPERATURE) 


Material 

Part 

No. 

Gage 

Die 

No. 

Energy 

Kilo- 

Joules 

Draw 

B 

Results 

Remarks 

17-7  PH 

EHOnOl-OOl 

.020 

1 

7.2 

6.0 

Good 

(0) 

1 

EBOllOl-002 

.020 

2 

11.2 

26.0 

Split 

(0) 

1 

EH01201-001 

.063 

2 

16.1 

26.0 

(D) 

(G) 

A-286 

EH02101-001 

.020 

16.1 

6.0 

Good 

(G) 

\ 

EHO2101-OO2 

.020 

19.9 

26.0 

Split 

(G) 

Vascojet  1000 

EHO3IDI-OOI 

.020 

11.2 

6.0 

Good 

(G) 

i 

EB031jGl-002 

.020 

2 

14.2 

26.0 

Split 

(G) 

USS  12  MoV 

EB04101-001 

.020 

1 

7.2 

6.0 

Good 

G 

t 

EH04101-002 

.020 

2 

19.9 

26.0 

Split 

(0) 

Ti(6Al-4V) 

£00^101-001 

.020 

1 

5.0 

6.0 

Split 

G) 

t 

EBO^lOl-002 

.020 

2 

12.4 

26.0 

Split 

(G) 

Ti(l3V-llCr-3Al) 

EHO62OI-OOI 

.063 

14.4 

6.0 

Split 

(D)  (0) 

L-605 

EBO7IOI-OOI 

.020 

11.2 

6.0 

Good 

(g) 

1 

EHO7IOI-OO2 

.020 

19.9 

26.0 

Split 

(g) 

Reiae'41 

EBO8IOI-OOI 

.020 

11.2 

6.0 

Good 

(G) 

\ 

EDO8IOI-OO2 

.020 

2 

39.8 

26.0 

Split 

(G)  (J) 

2024-0  Aluminum 

EHI3IOI-OOI 

.020 

1 

1.8 

6.0 

Good 

(G) 

1 

EHI3IOI-OO2 

.020 

2 

7.2 

26.0 

Split 

(0) 

1 

EH13201-001 

.063 

2 

11.2 

26.0 

Good 

(G) 

TABLE  13 

SHAH^  RECESSING  -  NO  DRAW 
STATIC  FORMING 
(RO(»t  TEMPERATURE) 


Material 

Part 

No. 

Gage 

Die 

No. 

Drav 

BH 

Results 

17-7  Ph 

sonoi-ooi 

.020 

2 

0 

15.0 

Good 

1 

SOllOl-002 

.020 

3 

30.0 

Split 

A-286 

S02101-001 

.020 

1 

5.0 

Good 

1 

S02101-002 

.020 

2 

15.0 

Split 

Vasco jet  1000 

SO3II3-OOI 

.020 

1 

5.0 

Good 

1 

SO3II3-OO2 

.020 

2 

15.0 

Split 

USS  12  MoV 

S04101-001 

.020 

1 

5.0 

Good 

t 

S04101-002 

.020 

2 

15.0 

Split 

T1(6A1-4V) 

SO5IOI-OOI 

.020 

1 

5.0 

Split 

Ti(l3V-llGr^3Al) 

806201^1 

.063 

1 

5.0 

Good 

t 

S06201-002 

.063 

2 

15.0 

Split 

L-605 

307101-001 

.020 

2 

15.0 

Good 

♦ 

SO7IOI-OO2 

.020 

3 

30.0 

Split 

Rene *41 

SO8IOI-OOI 

.020 

1 

5.0 

Good 

\ 

SO8IOI-OO2 

.020 

2 

15.0 

Split 

2024-0  Aluminum 

SI3IOI-OOI 

.020 

1 

5.0 

Good 

1 

SI31OI-OO2 

.020 

2 

0 

15.0 

Split 

TABLE  Ik 

SHALLOW  RBCESSINS  -  NO  IffiAW 
LOW  EXPLOSIVE  AIR 
(BOON  TEMPERAinJRB) 


Material 

. 

Part 

No. 

Gage 

Die 

No. 

Charge^^^^ 

Drav 

It 

m 

Reaiilts 

17-7  Ph 

IEOII01-OO6 

.020 

225 

0 

5.0 

Good 

I£01101-007 

.020 

225 

15.0 

Split 

I201201-007 

.063 

400 

15.0 

(D) 

A-286 

I£02101-006 

.020 

225 

5.0 

Good 

IEO2IOI-OO7 

.020 

300 

15.0 

Split 

1£02201-007 

.063 

500 

15.0 

(D) 

Vascojet  1000 

LBO310I-OO5 

.020 

300 

5.0 

Good 

IJBO3IOI-OO6 

.020 

2 

300 

15.0 

Split 

IE03201-005 

.063 

250 

5.0 

Good 

I£03201-006 

.063 

250 

15.0 

Split 

USS  12  MoV 

IE04101-005 

.020 

300 

5.0 

Good 

IEO4101-OO6 

.020 

225 

15.0 

Split 

I£04201-005 

.063 

350 

5.0 

Good 

IJB04201-006 

.063 

2 

225 

15.0 

Split 

T1 

(6A1-4V) 

LBO5IOI-OO5 

.020 

wm 

225 

5.0 

Split 

; 

IE05201-005 

.063 

IS 

250 

5.0 

Split 

T1 

,13V-llCr-3Al) 

LBO610I-OO2 

.020 

IB 

200 

5.0 

Split 

t 

I£06201-006 

.063 

225 

5.0 

Spilt 

L-605 

MO7IOI-OO7 

.020 

■■ 

225 

5.0 

Good 

IEO7IDI-OO8 

.020 

2 

300 

15.0 

Split 

IJSO72OI-OO6 

.063 

2 

500 

15.0 

(D) 
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TABLE  14  (Continued) 
SHALLOW  BECESSIHG  -  HO  DRAW 
LOW  EXPLOSIVE  AIR 
(ROOM  TEMPERATURE) 


Material 

Part 

No. 

Gage 

Die 

No. 

Charge 

Draw 

m 

Results 

Rene *41 

IiK)8l01-007 

.020 

225 

m 

5.0 

Good 

LBO81OI-OO8 

.020 

300 

■ 

■ 

15.0 

Split 

UO82OI-OO6 

.063 

500 

1 

■ 

15.0 

(D) 

2024-0  Aluminum 

IE13101-006 

.020 

225 

1 

■ 

5.0 

Good 

LEI31OI-OO7 

.020 

2 

225 

1 

■ 

15.0 

Split 

LEI32OI-OO6 

.063 

1 

225 

■ 

5.0 

Good 

UI32OI-OO7 

.063 

2 

225 

1 

■ 

15.0 

Split 

tabu:  15 

SHALLOW  RECESSING  -  NO  DRAW 
LOW  EXPLOSIVE  ASt 

(£1£Vated  temperature) 


Material 

Part 

No. 

Gage 

Die 

No. 

Charge^^^ 

Draw 

Temp. 

Results 

17-7  Ph 

IBOllOl-008 

.020 

2 

200 

0 

15.0 

1000 

Split 

f 

I£01201-008 

.063 

2 

400 

Split 

A-286 

LEO21OI-OO8 

.020 

2 

200 

Split 

I 

IEO22OI-OO8 

.063 

2 

400 

Split 

Vascojet  1000 

I£03101-007 

.020 

2 

200 

Split 

t 

LE»3201-007 

.063 

2 

400 

Split 

USS  12  MoV 

LB04101-007 

.020 

2 

200 

Split 

t 

LE04201-007 

.063 

2 

400 

15.0 

101 

DO 

Split 

Ti(6Al-4V) 

IJ6»5101-006 

.020 

1 

200 

5.0 

1200 

Good 

U»510l-007 

.C^ 

2 

200 

15.0 

Split 

LEX)5201-006 

.063 

1 

400 

5.0 

Good 

LEO52OI-OO7 

.063 

2 

400 

15.0 

Split 

Ti(l3V-llCr-3Al) 

U»6201-007 

.063 

1 

400 

5.0 

Good 

LBO62OI-OO8 

.063 

2 

400 

15 .0 

1200 

Split 

L-6 

>05 

LE!07101-009 

.020 

2 

200 

500 

Split 

t 

LBO72OI-OO7 

.063 

2 

500 

(D) 

Rene '41 

LBO8IOI-OO9 

.020 

2 

200 

Split 

t 

IE08201-007 

.063 

2 

500 

500 

(D) 

2024-0  Aluminum 

LEI3IOI-OO6 

2 

200 

200 

Split 

t 

11:13201-006 

.063 

2 

300 

0 

15.0 

200 

Split 

TABIE  16 

SHALLOW  RECESSIMG  -  NO  DRAW 
HIGH  EXPLOSIVE  -  WATER 
(ROOl  TEMPERATURE) 


Material 

Part 

No. 

Gage 

Die 

No. 

Charge 

6.  T 

Results 

17-7  Pb 

HE01102-005 

.020 

2 

10 

.oOo 

15.0 

Good 

HE01102-006 

.020 

3 

10 

.019 

28.0 

Split 

HEOI203-OO5 

.063 

2 

10 

.012 

14.3 

Good 

KE01^3-006 

.063 

3 

20 

.012 

28.7 

Split 

A-286 

HE02102-00$ 

.020 

2 

10 

.000 

15.5 

Good 

HEO2IO2-OO6 

.020 

3 

10 

.000 

29.9 

Split 

HB02202-004 

.063 

2 

10 

.005 

15.0 

Good 

HEO2202-OO5 

.063 

3 

20 

.012 

28.7 

Split 

Vascojet  1000 

HBO3IOI-OO5 

.020 

1 

5 

.000 

5.3 

Good 

HEO3IOI-OO6 

.020 

2 

10 

.000 

15.5 

Split 

HEO32OI-OO4 

.063 

1 

10 

.000 

5.3 

Good 

HEO32OI-OO5 

.063 

2 

20 

.007 

14.8 

Split 

USS  12  MoV 

HBOiH02-005 

1 

5 

.000 

5.3 

Good 

HB04102-006 

.020 

2 

10 

.001 

15.4 

Split 

HE04201-004 

.063 

1 

10 

.000 

5.3 

Good 

HE04201-005 

.063 

2 

20 

.006 

14.9 

Split 

Til 

[6A1-4V) 

HBO5IO2-OO5 

.020 

5 

.003 

5.0 

Split 

' 

HBO52OI-OO5 

.063 

■■ 

5 

.002 

5.0 

Split 

Ti(l3V-llCr-2iAl) 

HBO6IO2-OO5 

.020 

■■ 

2i 

.000 

5.3 

Split 

t 

HBO62OI-OO5 

.063 

■■ 

5 

.002 

5.1 

Split 

L-605 

HEO7IOI-OO5 

.020 

2 

10 

.008 

14.7 

Good 

HEO7IOI-OO6 

.020 

3 

10 

.024 

27.5 

Split 

HEO72OI-OO4 

.063 

2 

20 

.007 

14.8 

Good 

HBO72OI-OO5 

.063 

3 

20 

.034 

26.5 

Split 

Reiie'^l 

HBO8IO3-OO5 

.020 

2 

10 

.004 

15.1 

Good 

HEO8IO3-OO6 

.020 

3 

10 

.004 

29.5 

Split 

HE08203-004 

.063 

2 

20 

.010 

14.5 

Good 

HE08203-005 

.063 

3 

20 

.023 

27.6 

Split 

2024-0  Alumlnvun 

HEI3IQI-OO5 

.020 

1 

24 

.000 

5.3 

Good 

HEI3IDI-OO6 

.020 

2 

7i 

.000 

15-5 

Split 

HEI32OI-OO5 

.063 

1 

5 

.000 

5.3 

Good 

HEI32OI-OO6 

.063 

2 

10 

.000 

15-5 

Split 

TABLE  17 

SHALLCfW  RECESSING  <  NO  DRAW 
EIECTRO -HYDRAULIC 
(ROOM  TEMPERATURE) 


Material 

Part 

No. 

Gage 

Die 

No. 

Exiergy 

Kilo- 

Joules 

Draw 

B 

Results 

Remarks 

17-7  Ph 

EHOllOl-003 

.020 

2 

32.2 

0 

15.0 

Good 

(G)  (J) 

t 

EHOllOl-004 

.020 

3 

13.8 

30.0 

Split 

(H) 

A-286 

EH02101-003 

.020 

1 

10.9 

5.0 

Good 

(H) 

i 

EH02101-004 

.020 

2 

16.1 

15.0 

Split 

(Gj 

Vascojet  1000 

EHO3IOI-OO3 

.020 

6.1 

5.0 

Good 

(h) 

t 

EHO3IOI-OO4 

.020 

11.2 

15.0 

Split 

(g) 

USS  12  MoV 

EH04101-003 

.020 

4.3 

5.0 

Good 

(h) 

1 

EH04101-004 

.020 

2 

16.1 

15.0 

Split 

(g) 

Ti(6Al-4V) 

^03101-003 

.020 

1 

2.7 

5.0 

Split 

(h) 

t 

EHO3IOI-OO4 

.020 

2 

11.2 

15.0 

Split 

(g) 

L-605 

EHO7IOI-OO3 

.020 

1 

6.1 

5.0 

Good 

(H) 

1 

EHO7IOI-OO4 

.020 

2 

16.1 

15.0 

Split 

(G) 

Rene'^l 

£0)8101-003 

.020 

2 

13.8 

15.0 

Good 

(h) 

i 

EBO8IOI-OO4 

.020 

3 

13.8 

30.0 

Split 

(h) 

2024-0  Aluminum 

EHI3IOI-OO3 

.020 

1 

1.5 

5.0 

Good 

(H 

1 

EHI3IOI-OO4 

.020 

2 

4.3 

0 

15.0 

Split 

(H) 

NOTES  FOR  TABI£S  3  THRU  17  • 

(A)  -  Fozmizig  was  stopped  at  a  depth  of  3  inches. 

(B)  -  Part  had  puckers  on  one  side. 

(C)  -  Grains  of  buUseye  gunpowder. 

(D)  -  Part  not  formed  down  completely  to  die  contour. 

(E)  -  Grams  of  RDX. 

(F)  -  Itoable  to  prevent  drawing. 

(G)  -  Seven  capacitors. 

(H)  -  Six  capacitors. 

(J)  -  Two  shots. 

(K)  -  Pulled  off  to  one  side. 
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